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To help unlock the secrets of very high altitude flying, Chancg 
Vought engineers are using a new and unique altitude chc 
ber. Here, in perfect safety, hydraulic systems and other aijje'r'dft 
equipment can be thoroughly tested at temperaturesof 100° 
below zero in air pressures found at altitudes of over 60jOOO feet. 
Forerunner of new Corsairs which will fly higher an^ffaster than 
ever before, such research is a contributincpfactor to Chance 
Vought's long-standing reputation for quplif^and performance. 

CHANCE VOUGHTAIRCRAFT 
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(Thompson <ip Products, Inc. 


Vanes and ff fades 


Jet propulsion, turbine designs and supercharging call for a 
wide variety of many-bladed wheels to pack air and power into 
modern aircraft engines. Such wheels are manufactured to ex- 
tremely close tolerances and must withstand severe heat and 
centrifugal strains. Building them is a new, highly specialized 
metallurgical and engineering science. 

We have the equipment for forming and machining the 
complex contours of such wheels, and our engineers know how 
to design them for highest operating efficiency. 
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\\ hen Lockheed's super-fast jet-pro- 
pellrd P-80 Shooting Star "whooshes" in for 
a high-speed landing. Goodyear's Self-Adjusting 
ingle Disc Brake takes over the task of bringing it to 
safe, quick, velvet-smooth stop. This great brake is 
being specified on many of the newest postwar air- 
craft because it affords greater braking power 
with less weight — because of its greater 
compactness — because it is sim- 


plest to service. A unique, self-compen- 
sating mechanism keeps brake automatically 
adjusted at alt times. Reliuiug takes only a few min- 
utes. Approved by the CAA for all types front light 
planes to super-airliners. Specify it on your new models 
along with Goodyear tires, Airfoam cushioning and 
Pliocels. For engineering data write: Goodyear. 
Aviation Products Division, Akron 16, 

Ohio or Isis Angeles S i. California. 


More aircroff land on Goodyear tires 
than on any other kind 
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the series he has written exclusively lor Aviation on his all-wing planes and heads up a special 
section devoted to Hying wings, covering also the Vaught XFSU-1 , the de Havillond jet-powered 
108, the Armstrong-Whitworih S2G, and the tint complete roundup of the twelvo projects under- 


Down the Years in AVIATION'S Log 


Like a lot of others, we got pretty 
badly confused by the varied and con- 
flicting reports emanating right after 
the “Able Day” atom bomb test at Bi- 
kini, so it nos with more than a feeling 
of relief that we received the sober, 
reasoned reports of our own correspond- 
ents on the spot. The revolutionary 
effects the A-bomb will have on aircraft 
design, operation, and maintenance, are 
carefully analyzed by Seboler Bangs- 
making “must” rending for everyone in 
the aviation industry. And how tins new* 
air weapon will change surface vessel 
design and tactical concepts is detailed 
by Phil Swain, editor of McGraw-Hill's 
magazine Power and a very well in- 
formed authority on atomic energy. 
These two stories (on pages 3S and 41, 
respectively) back up Les Neville's 
thought-provoking editorial on page 37. 

There's a new trend just beginning to 
show up in airline maintenance — 
through factory-directed service and 
overhaul bases. Getting away to a fast 
start in this field is Lockheed, and how 
it is establishing a worldwide network 
of such bases for both airline and indi- 
vidual-owner service — no matter whose 
planes are involved — is given in the 
article beginning on page 44. 

Do you have a four-place completely- 
instrumented plane that will cruise 150 
mph. for 500 mi., that you’ll sell for 
•111,500 to $2,000? If you haven't, maybe 
you’ll want to start an industry-wide 
program deigned to educate John Q. 
Public as to just what he can expect 
for his aii*planc dollar — which certainly 
won't get him everything he expects 
today. Just how big and important this 
job will bo is clearly indicated by the 
facts (page 42) brought out by a 
nation-wide survey which shows what 
the average American wants in his per- 
sonal plane. 

In Dutch Kindelberqcr'i otlice at North 
American there is a framed motto which 

“It may not always be the best policy 
to adopt the course that is best techni- 
cally, but those responsible for policy 
can never form a right judgment with- 
out knowledge of what is right techni- 

This is a policy with which we agree 
heartily, and which we have tried 
through the years to maintain. When 
we asked Dutch who first expressed it, 
he said he wasn’t sure; he’d heard it 
attributed to C. W. Kettering. Anyone 
know the author? 


25 Yr. Ago (1921 )— Oregon Journal 
uses Curtiss Seagull to carry newspa- 
pers to neighboring cities. . . . Adm. 
Moffett becomes first “Air Admiral” 
and organizes Navy Aviation branch. 
. . . Army stages sham bombing attacks 
on New York, Washington, and Rich- 
mond. . . . Chicago-Minneapolis airmail 
suspended for lack of funds. . . . Canada 
inaugurates aerial fire patrol in B. C-, 
using HS-2-L flying boats. . . . Pilot 
Kirch, at Versailles, breaks altitude rec- 
ord at 32,889 ft. . . . First free balloon 
flight made in Philippines by U. S. 
Army. . . . Canadian Customs uses air- 
craft to prevent smuggling. . . . Bolivian 
Government starts aviation school. . . . 
First trans-Andeau passenger carrying 
flight made in de Havilland by Chilean 

Army officers Eighteen O. S. colleges 

now give courses in aeronautics. . . . 
Aii-plane passenger service started be- 
tween Paris and Le Havre. 

15 Yr. Ago (1931) — Lockheed Altair 
with retractable landing gear flies 1,300 
mi. from Vancouver to Mexico in 7 hr. 
48 min., breaking record by 1 hr. 26 
min. . . . Post and Gatty fly around world 
in 8 days, 15 hr., 51 min. . . . D. of C. 
names air traffic control committee. 
. . . TWA moves base to Kansas City. 
. . . Navy’s new rigid airship Akron 
lakes air on Aug. 8. . . . Amelia Earhart 


flies autogiro 11,000 mi. in 150 hr. . . . 
Kronfeld glides non-stop from England 
across Channel to France and back. 
. . . Florida legislature authorizes state 
sponsored landing strips paralleling 
roads. . . . .State of Michigan forbids 
erection of obstructions near airports 
and orders marking of present struc- 
tures. . . . SAE adopts AN standards 
for aircraft and engine fittings. . . . 
Venezuelan oii company uses Sikorsky 
Amphibian for oilfield surveys. 


10 Yr. Ago (19361 — llenry Wigbtuian 
glide.-, 135 mi. airline distance at Elmira, 
winning Toledo Trophy. . . . Delta Air 
Lines reports less than 1% lost time. 
. . . Lockheed 12, eight passenger feetl- 
eiiiner, placed on market. . . . French 
government offers 10,000,000 francs for 
design of Diesel engine capable of flying 
Atlautic. . . . Panagra starts N. Y.- 
Buenos Aires service. . . . PAA an- 
nounces twice weekly service to Bio. . . . 
French Cbargcurs Reunis Co. orders 
three Sikorsky S-43 Amphibious for 
West African service. . . .Army projects 
air base in Alaska. . . . Imperial Airways 
and PAA announce Bermuda service. 
. . . Navy orders 50 Consolidated flying 
boat patrol bombers, 191 dive bombers 
from Curtiss, Vought, and Northrop, 
and (10 Consolidated XP3Y flying boats. 
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The Kollsman Direction Indicator 
...the compass that works with you! 


The Kollsman Direction Indicator — widely used in private 
planes and in an increasing number of scheduled airline opera- 
tions — is regarded by many pilots as one of the greatest aids 
to the ease, enjoyment and safety of cross-country flying. 

The 360° compass rose dial is similar in appearance to the 
rose on all aviation charts. With the compass pointer continu- 
ally showing the course being flown and the auxiliary "memo" 
pointer set to the course desired, you are given a continuous 
"picture" of your flight. 

The performance of the direct-reading Kollsman Direction 
Indicator is another big reason for its popularity. The pointer 
moves quickly to a new heading and remains "steady," without 


oscillation or appreciable overswing — the result of a unique 
vane dampener construction which is a special feature of this 
Kollsman unit. 

To the more advanced pilot the Direction Indicator offers 
special advantages. For "approach procedures," for instance, 
the relationship between other headings and the runway desig- 
nated for landing is instantly apparent. "Reciprocal" headings 
and relationship to other beams can be quickly seen and the 
possibility of error greatly reduced. 

For an illustrated folder giving complete details, write 
Kollsman Instrument Division, Square D Company, 80-08 
45th Avenue. Elmhurst, New York. 


KOLLSMAN AIRCRAFT INSTRUMENTS 

A PRODUCT OF 


D 


SQUARE ]] COMPANY 
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airline performance proves . . . 


*More Hours Per Replacement ... that’s the plus-performance factor that makes 
Packard high-altitude aircraft ignition cable the choice of leading airlines. 
This better-designed, better-built cable utilizes modern materials and advanced 
manufacturing methods to provide an extra margin of safety under the 
most adverse operating conditions. Standardize on Packard high-altitude 
aircraft ignition cable for greater mechanical and dielectric strength, greater 
resistance to heat, cold, oil, moisture and abrasion. It gives more HPR . . . 
more hours per replacement ... in commercial, military and private planes. 
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For safer flight 
the world over ... 
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On planes spanning continents and oceans . . . 
flying through rarefied atmosphere . . . Kidde- 
engineered equipment and devices help to main- 
tain new standards of safety. Kidde invites 
inquiries from aircraft manufacturers and trans- 
port companies on any of the types of equipment 
described below. 


•'oj, f 
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Extinguishing Systems— engineered for require- 
ments of specific planes— discharge fast-acting 
carbon dioxide to smother engine blazes. . 

Portable Extinguishers provide supplementary fire 
protection in cabins, baggage and cargo compart- 
ments, other small-hazard areas. 

Smoke Detectors give quick warning of incipient 
fires in baggage or cargo compartments. Systems 
or Portables extinguish the blaze. 


Impact Switches act when a plane crash-lands— 
shut off electrically controlled fuel and oil lines, 
turn on carbon dioxide extinguishing system— 
automatically. 

Oxygen Cylinders in pressurized cabins provide a 
stand-by source of adequate supply in case of 
failure of supercharging equipment. 

Packaged Power operates landing gear or brakes if 
hydraulic system fails. Kidde cylinders of com- 
pressed air or carbon dioxide provide the power. 

Inflation Gear safeguards passengers and cren 
after a forced landing at sea. Life vests, belts, rafts 
and boats can all be inflated by carbon dioxide 
stored in Kidde cartridges or cylinders— released 
by Kidde valves. 


yo 


Kidde 
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without-weight advantages that OSTUCO Steel 
Tubing provides. The continued. development of 
American aircraft, resulting in faster, safer, more 
economical flying in the future," is a responsibility 
shared with every U S. aircraft manufacturer by 
The Ohio Seamless Tube Company. 


Much of the popularity of personal flying lies in 
its invigorating freedom — the feeling of release 
from all things earth-bound. Likewise, no small 
part of the progress that lias marked the develop- 
ment of U.S.-built planes — whether single-seaters or 
giganuc transports — can be traced to the strength- 


W ben History 
Repeats Itself.... 


PONCE DE LEON won’t waste 
a lifetime on a wild goose 
chase . . • he’ll FLY to the 
Land of "Bimini" I 

Juan Ponce de Leon never found the Fountain of Youth, 
although he spent most of his life looking for it. What’s 
more, he always believed that Florida was an island! Today, 
in a sleek Luscombc Silvaire, Juan could fly cross the Florida 
peninsula in less than an hour, learning that the land he 
discovered was not an island and that the exhilaration and 
feel of freedom that .only air travel provides is about the 
closest approach to a Fountain of Youth this old world 
has ever seen. 



Plant and Main Office 
SHELBY, OHIO 
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RADIO TRANSMITTER |g 4 

by United Air Lines 


For Ground-to-PI 


Federal Telephone and Radio Corporation 


AVIATION, August, 1946 


Hues for the Blue 


. . . Berry colors in today’s skies are bright 
finishes developed through years of research 
and experience to meet the exacting demands 
of protection and preservation for fabric and 
metal against sun, wind, and weather . . . Berry 
Brothers aircraft finishes are the choice for new 



Berry aviation finishes have grown up with the 
industry since the days of the Early Birdmen 


planes, and for the refinishing and maintenance 
of planes already in service. 


Leading Producers of Aviation Finishing Materials 
in War and Peace , for over 30 Years 


BOSTON • JERSEY CITY • 


• INGLEWOOD, 


F. • MONTREAL • WINNIPEG • TORONTO 
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• . PLAN YOUR FUTURE WITH WEBER TIMEPROVED'EQUIPMENT r yyj 

a 


Aircraft Division • WEBER SHOWCASE & FIXTURE CO., INC. 
5700 AVALON BOULEVARD, LOS ANGELES 54, CALIFORNIA 
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More Efficient —More Durable 

Ignition Shielding 

Fleximold is a new ignition shielding conduit specifically developed by 
Titeflex to provide the most efficient shielding qualities— while increasing 
conduit durability and fatigue resistance. 

Superior radio shielding is achieved by combining the Titeflex flexible 
re with a specially developed composite metallic outer braid. 
Maintenance costs are lowered... conduit life is increased-by means of 
a molded-on protective jacket of synthetic rubber. 

Further information on "Fleximold” and other Titeflex aircraft shielding 
products will be furnished on written request. Titeflex engim 
able to help solve specific problems. 


o 


Titeflex 
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Leading Travel Aqents Say- TIME READERS 
ARE MY BEST PROSPECTS FOR AIR TRAVEL" 



T ime readers are no fledglings in this age of 
flight. They have already logged more than 
three billion air miles, prove again and again that 
they are travel agents’ best customers for airline 
bookings. 

And that makes them your best customers . . . 
for business trips: More than half a million Time- 
reading businessmen are executives, department 
heads, proprietors or partners — 6 out of 10 say their 


business necessitates travel — 3 out of 10 regularly 
take from 1 to SO airline trips a year. 

foe pleasure trips: Average Time family income is 
double the average U. S. family’s — allows longer, 
more frequent vacations, plus the best travel 
accommodations. 

Traveling for their firms or traveling for fun, 
Time readers come through with flying colors as a 
market for your finest, fastest service. 


The Trave/er who Reads / T/AIF/ W/'es 


hs/ r/Aif/f, 
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W HEN YOU BUY Airwing Fabrics and Tapes 
— you can buy with confidence for Airwing 
stands for dependability. Quality-made under the 
careful supervision of experts from cotton through 
cutting, Airwing i3 in demand wherever lightweight 
fabrics and tape3 of high tensile strength and ease 
of application are required. For quality that lasts 
and performance that satisfies— demand Airwing. 


The Airwing line includes airplane and glider fab- 
rics, balloon and special cloths. Airwing Tapes come 
in a complete selection — Grade A made from long 
staple Pima cotton, and Lightweight — pinked edge, 
sealedge, biased, and pre-doped. 
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TOROOMETERS : 


insure accuracy 
tension as bolt 
is tightened ... 


■tell 


sv: 


He sees the applied torque as the bolt is tightened 
... as easily as reading a watch. 

Everywhere in aviation Snap-on Torqoraeters are 
being adopted as standard wrench equipment for 
precision assembly and maintenance operations. 
Available in a complete range of sizes from zero 
to 30 in. lbs., up to 2,000 ft. lbs. Send for Snap-on 
catalog of power and hand wrenches for produc- 
tion and maintenance. 


Where specifications call for accurate, uniform 
stud or bolt tension, Torqometers should always be 
used. "Guesswork” tightening is an open invitation 
to all the troubles that follow mechanical distortion 
. . . wasted power, dangerous wear, breakage of 
parts. Even highly skilled mechanics cannot be ex- 
pected to approximate specified pressures. 

With Snap-on Torqometers any worker can tighten 
bolts to the exact foot-pound of tension every time.. . 
and on delicate mechanisms, to the exact inch pound. 


SNAP-ON TOOLS CORPORATION 


8020-H 28th AVENUE KENOSHA, WISCONSIN 



AVIATION, August, 




An Involute Spline Gage— dwarfed by 
a match but aceurale to a "Tenth” 

Whether it is tiny or takes a couple 
of husky hands to manipulate, an 
involute spline gage by VINCO is the 
ultimate in accuracy and finish. 

A broad statement you may say — 
but it is not our own. It is the con- 
sensus of opinion universally 
expressed by gage users and competi- 
tive gagemakers throughout the indus- 
trial world. 

Exclusive techniques and methods, 
developed through twenty years of 
intensive application to this gage pro- 
duction problem, have given us this 
leadership. Use this specialized expe- 
rience to assure the reliable inspection 
control of your involute splined pro- 
duction parts. 



Involute Gages 
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Because it was part of a well formed plan 

Packard had taken the assignment of producing the famous hand made Rolls Royce Merlin 
Engine on a mass production basis. Packard engineers, wise in the ways of precision produc- 
tion, knew a comprehensive and reliable inspection control was an absolute necessity. They 
also knew that VINCO could be relied upon to furnish a large portion of this control. 

We do not wish to imply that VINCO Gages were used exclusively. We can say however 
that VINCO plain plugs and rings, spline gages of every type, special and built-up gages, 
VINCO Gear Rolling Inspection Fixtures, Master Gears, special purpose and B-l formed 
wheel dressers, VINCO Involute Checkers, VINCO Optical Master inspection Dividing Heads 
and other inspection services were used to check the size and assembly operation of the more 
than 14,000 precision parts required in the efficient functioning of this remarkable power 
plant. The VINCO Semi-Automatic Spline and Gear Grinder, due to its extreme accuracy 
and efficiency, contributed much to increasing the production of close tolerance splined parts 
and gears. 

The part VINCO played in this dramatic chapter of industrial history is an accomplishment 
of which we are naturally proud, but no one prospers on past performance alone. VINCO 
engineering knowledge and mechanical skill borrow from the past only when that experience 
can be applied to perfecting the job at hand. Proper and adequate inspection control is an 
absolute "must" if efficient precision production is to be maintained. The selection of all 
necessary gaging equipment requires serious thought and consideration. For your guidance 
use VINCO as a standard of comparison when these selections are being made. 

VINCO CORP., 8855 SCHAEFER HWY„ DETROIT 27, MICHIGAN 
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G-E AIRCRAFT GENERATOR 

Types and Ratings 

DIRECT CURRENT 

Type P-2 is rated 200 amp at 30 volts, 
4400/8000 rpm or 3000/8000 rpm. Type 
R-l, 300 amp at 30 volts, 4500/8000 rpm 
or 3000/8000 rpm. Type Q-l, 400 amp at 
30 volts, 4100/8000 amp. All have a ven- 
tilating air-pressure value of 6 in. HjO. 


A-C CONSTANT FREQUENCY 

400-cycle, constant-frequency alternating- 
current generators are rated 40 kva, 208/120 
volts, 6000 rpm, and 20 kva, 208/120 volts, 
8000 rpm. 

A-C VARIABLE FREQUENCY 

Variable-frequency a-c generators are rated 
200 amp. 30 volts, d-c (10 amp, 120 volts 
a-c) 4400/8000 rpm, and 10 kva, 208/120 
volts (400-800 cycle a-c) 4000/8000 rpm. 

GAS-TURBINE STARTER GENERATORS 

Built to deliver 400 amps at 30 volts d-c, 
3700/7200 rpm. As a starter, the unit de- 
velops 330 inch-pounds torque at 1500 rpm, 
340 amps, 20 volts. 
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SHOWED US HOW TO BUILD 



Early in the war, Army airmen asked us to design 
a high-output, light-weight electric generator for their 
heavy bombers. At that time, vibration and its effects 
on engine accessories was still a mysterious "bug.” 
Its major causes were periodic forces 
and torque due to the combustion cycle, 
_ unbalanced inertia, and aerodynamic reac- 

\ / tions. Very little information was avail- 

able on the vibration characteristics of 
accessories on aircraft engines, and design was 
primarily based on past experience. 

There was no doubt about what vibration could do 
to a generator. Either the mounting 
flange or end frame cracked, mount- 
ing screws broke, or the armature 
drive shaft and coupling failed. Exces- 
sive brush deterioration also occurred. 

VIBRATION DATA NEEDED! 

Our first job was to determine the characteristics 
of vibration of generator installations and to obtain 
data which would provide correlation between flight 
and laboratory tests and design. Exhaustive flight 
tests and measurements were made on the Army and 
Navy "heavies" — the B-17 and the B-24, the B-29 
and the PB4Y2. On the basis of flight and laboratory 
tests new designs were made. Addi- 
tional flight measurements and flight 
endurance tests were made on new 
designs to determine their safety 



THE NEW FLANGE 

Guided by the data which these tests produced, 
G-E design engineers developed a generator housing 
with an adequate safety factor. Yet it was remarkably 
lightweight. This flange absorbed tremendous punish- 
ment from vibration with no ill effects. This was 
proved during its flight-performance tests when no 
failures were reported after months of flight tc 
Made of forged steel, its specially ' 

designed contours prevent the con- 
centration of destructive vibration 

NEW DAMPER BARS VIBRATION! 

The quill-shaft and friction-plate damper assembly 
found on G-E aircraft generators is also a result of 
G-E vibration studies. This assembly, by absorbing 
engine torsional vibration, has practically eliminated 
drive-shaft failures. The function of the damper is 
shown in the curves on the opposite 
page. 

At the war's end thousands of 
military transport and combat air- 
craft had been equipped with vi- 
bration-proof G-E aircraft gener- 


THE VALUE OF G-E RESEARCH TO YOU! 

Whether you are concerned with generators, voltage 
regulators, relays, or complete power systems, you, 
too, can profit by G.E.’s basic research in the aviation 
field. It is your assurance of full-rated performance 
of aircraft electrical equipment. You are cordially 
invited to discuss your electrical problems with a 
G-E application engineer. Apparatus Dept., General 
Electric Company, Schenectady 5, N. Y. 


GENERAL ELECTRIC 
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Specially designed for each particular appli- 
cation and with quality ond dependability 
built into every part. Lamb Electric Motors 
have established a reputation for long, 
trouble-free performance. 

Contributing importantly to this good per- 
formance is our experience gained in 31 
years of designing and building small motors 
for over three thousand special applications. 
These applications, embracing almost every 
type of small motor driven product, include: 
home appliances, production machines, in- 
dustrial tools, business machines, and many 
other classifications. 


THE LAMB ELECTRIC COMPANY 

KENT, OHIO 


reliability of 


a name identified with 
good MOTOR performance 
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New Ball Bushing is prefabricated for 
fastening with WaldesTruarc Retaining Rings 


^Thether your product is still on the 
board or has been in use for years, 
there's a Waldes Truarc Retaining Ring 
that will make it simpler, more econo- 
mical to make and repair. Truarc Rings 
conform to NAS standards, give a never- 
failing grip. Truarc's constant circular- 
ity is assured by its patented tapered 
design. Truarc engineers can guide you, 
help you, make suggestions. We’ll give 
your particular problem individual 
attention without obligation. 


WALDES 
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4615 Alloy Steel Forging 
Milled in 3.8 Minutes on 
New Kearney & Trecker 
50 CSM Milling Machine. 
former Time 15.7 Minutes 


Here is one of those every-day, "run-of-the-mill,'' 
small-lot jobs done as fast and as practically as 
common-sense modern shop methods and equip- 
ment say it should be — namely, on a Kearney & 
Trecker CSM Milling Machine with a carbide 
cutter used to full efficiency. 

CSM Milling Machines were designed to obtain 
the greatest benefits from modern cutting tools, 
and are now part of our line of standard models. 
The design has been developed after a complete 
analysis of industry’s problems of milling with 
carbide cutters. 

Because they are knee type machines, they are 
readily adaptable to a great variety of work. 
They are precision built in accordance with long 
established Kearney & Trecker standards, and 
will cut metals faster and to finer tolerances and 
superior finishes than ever before, with high 
speed steel cutters as well as carbide cutters. 
CSM machines are available in 20, 30 or 50 hp 
models in both plain and vertical knee types. 


indicate your bust 



KEARNEY & TRECKER 

CORPORATION 

MILWAUKEE 14, WISCONSIN 

B E eS *’ S 
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"NO HEATING, VENTILATING OR AIR-CONDITIONING SYSTEM IS BETTER THAN ITS AIR-DISTRIBUTION” 
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ASSEMBLED UNITS FOR LIGHT PLANES 
WHEELS, BRAKES AND STRUTS . 


H ERE’S good news for all who 
make or service light planes. 
Firestone pioneers again with the new 
SuperFlex Undercarriage, the first and 
only complete “packaged” under- 
carriage — tires, tubes, wheels, brakes 
and struts pre-assembled at the 
Firestone factory and ready to install. 

Manufacturers can save valuable 
weight, time, space, labor and money 
by using Firestone SuperFlex pre- 
assembled undercarriages. The land- 
ing load is absorbed by rubber 
displacement and air compression 
resulting from the upward movement 
of the wheel. Recoil is positively con- 
trolled by the use of friction material. 

Elimination of many parts used in 
conventional landing gears permits a 
welcome reduction in weight. Low 


oscillation rate control and damping 
characteristics provide excellent taxi- 
ing qualities. There is no possibility 
of the landing gear sticking. Extension 
is positive and certain. There are no 
telescoping tubes, no oil compart- 
ments, no packing glands. 

Minimum overall section width and 
height make the Firestone SuperFlex 
landing gear ideal for retraction and 
permit lower center of gravity. Clean, 
compact design assures low drag in 
extended position. 

Maintenance costs are remarkably 
low — service in less than one-year 
intervals is unnecessary, and the entire 
unit replacement of tire, tube, wheel, 
brake and absorption unit is easily 
and quickly accomplished by the 
removal of a few bolts and nuts. 
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BIKINI LESSON 


W hen General Gallieni commandeered the 
Paris taxicabs for military service in the 
first Battle of the Marne, the mechaniza- 
tion of World War II was foretold. When 
German V-2s harassed Britain and atom bombs 
tipped the scales against Japan, the pattern was 
set for a future war which we hope most ardently 
we can prevent or delay. 

Our ability to prevent or delay it will depend 
upon how well we learn the lesson that future 
wars begin technologically where previous wars 
left off. And so our preliminary evaluation of 
Operation Crossroads, prior to the Baker Day 
tests, indicates the need for major revision of 
our long range air force thinking in terms of the 
atomic age. 

Although it is too early to discard our current 
types of military aircraft and engines, it is not 
too soon to plan and build the air weapons of 
the next decade. We must provide for immediate 
emergencies and at the same time vigorously 
pursue the portents of Bikini in shaping the air 
force of the future. 

The apocalyptic cloud revealed no atomic anti- 
dote. Maj. Gen. LeMay’s conception of defense 
against atomic attack boils down to the cold fact 
that the nation which succeeds in first striking 
the vital manufacturing centers of its adversary 
is most likely to win. This means that defense 
has practically disappeared and that we must 
concentrate our efforts on offensive strategy. 

T his new concept demands intelligence suffi- 
ciently perfected so that we know exactly 
when to strike before we ourselves are stricken. 
It also requires instant knowledge of weather 
conditions on a world-wide basis. We must revise 
our strategy and tactics so that we can think and 
act in minutes instead of years. 

Highly accelerated warfare also demands an 
infinitely higher degree of perfection in design, 
installation, and maintenance of the components 
of aerial weapons as well as of the weapons 
themselves. Failures can bring swift and costly 
retribution when guided missiles carry atomic 


warheads. We simply cannot afford the risk 
of an enemy capturing these new and terrible 
weapons intact to turn them back against us. 

In the lesson of Bikini (elaborated on pages 
38-41 by Aviation’s Crossroads correspondents) 
there is a mandate for the members of every 
branch of aviation, and for the Congress. The 
strategists and tacticians must revise their think- 
ing in terms of the utilization of air weapons. 

We will still need big bombers of ever-increas- 
ing range, flying with and without pilots. Small 
fighters will still be required, but they will grow 
larger in size and range and some of them may 
ultimately divest themselves of their pilots. 
Guided missiles have proved their indispensi- 
bility and a remarkable degree of perfection. 
They will lead inhabited types of aircraft into 
the supersonic speed range. Piston and turbine 
power plants must be developed, band in hand, 
to find the niche where each one fits. 

A favorable environment for research, devel- 
opment, and pilot production of all of these 
aircraft must be created by sound laws and 
methods of procurement which make it worth- 
while for private industry to do its traditional 
part of this job. The wherewithal must be fur- 
nished to enable industry to maintain and exceed 
the high quality of all aviation and electronic 
products. Technicians and mechanics must be 
allowed to improve their skills to attain even 
higher perfection. These thoughts should remain 
uppermost in the minds of those who will shape 
and implement air power policy. 

Although the fundamentals of air. power 
remain fixed, the details of air force must be 
changed. The members of Congress who went 
to Bikini should bring back these thoughts to 
their colleagues and should be firm in their deter- 
mination to create sound policy and wise imple- 
mentation of America’s air power. 

EDITOR 
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Evaluating Operation Crossroads 


By SCHOLER BANGS, 


m Correspondent attached to Kwajalein air base 


• From two on-the-spot editor* come reasoned studies catalyzing the effects 

Hill's magazine Poster and an atomic energy authority, gives in clear terms 
what nuclear fission means to future naval design and lactic*. 

Mr. Bangs operated from the air base at Kwajalein — flying over the largel 
area within hours of the explosion and later going in by surface vessel to 
board target ships — and Mr. Swain was attached to the Navy press ship — 
Appalachian — also moving in quickly for a first-hand survey — The editor s. 


S tub ' posts OF the FUTURE of Ameri- 
can military aviation, many of 
them existing but previously un- 
heeded. were erected liberally ami made 
clearly visible at Operation Crossroads. 
The most significant indicate: 
Complete obsolescence of the conven- 
tional airplane as a defense-attack 
weapon within 10 yr. ; 

Interim replacement within 5 yr. of 
present bombing aircraft with very 
long range radio-controlled bombers 
and. later very long range manned 
bombers capable of delivering from a 
safe distance guided missies fitted with 
atomic war heads; 

Limited but continued production 
development of piston engines and jet 
bombers and fighters now on postwar 
assembly lines, with the size of orders 
gaged primarily to maintain a nucleus 
for instant expansion of aircraft pro- 
duction in a war emergency; 

Increased emphasis on superior main- 
tenance of bombers which will be called 
upon to strike at any place on the 
globe, and which will carry new high- 
precision controls and accessories vital, 
each of them, to successful performance 

Immediate advancement of long 
range worldwide weather forecasting as 
an integral part of national aviation de- 
fenses; 

Immediate re-evaluation of II. S. air 
forces and drastic revision of now- 
obsolete concepts of air defense and 
attack to activate new tactics and 
weapons as they are developed. 

These “signposts of Bikini” did not 
simply appear at the flash of the atomic 
wand which conjured up n 50,000-ft. 
high “exclamation mark” against the hot 
blue tropic sky. 


They were erected by tile great and 
small of Army and Navy air arms and 
by the thousands of basic and applied 
research scientists and their aides called 
to the mid-Pacific to explode the world’s 
fourth and fifth atomic bombs. 

Of all who had their say on the ex- 
periment’s iinpuct on aviation, Maj. Gen. 
Curtis LeMay, Assistant Chief of Air 
Staff for Research & Development, was 
perhaps most significant when he said, 
“We arc in the process of changing the 
whole philosophy of our air forces.” 

How soon this new order will ma- 
ture Gen. LeMay, a practical man now 
fully conscious of the multitude of de- 
laying influences which can be imposed 
upon time factors, would not say. 

The degree to which Congress senses 
* urgency in future air planning and pro- 
vides tunds adequate for air research 
will influence the time table. Also, reso- 
lution of the joint air forces issue, and 
the decision of who will be Mr. Big in 
guiding the drastic switch from fighting 
yesterday’s war into acting for tomor- 
row’s defense must be considered when 
thinking in terms of time. 

Col. H. T. Alness, head of Army’s 
Boeing B-17 drone unit at Eniwetok, 
who leaves his Crossroads assignment to 
head up the Army’s portentous 1st 
Guided Missiles Group, believes that as 
much as 10 yr. of research lies ahead in 
perfecting the tactical use of guided 
missiles, both airborne to point of de- 
livery, and ground-to-ground rockets. 
A heavy bomber man, he is convinced 
that the days of piloted-airplane bomb- 
ing missions are gone. He talks of 
Boeing B-29s as “those antiques,” yet 
feels that the transition from “antiques” 
to squadrons of drone missiles will be 
slow because of the research required to 
transform experimental rockets and jet- 


or rocket-powered winged missiles into 
efficient long range weapons. 

There is no contradiction in Alness’ 
assuming that perfection of guided mis- 
sile tactics may require 10 yr. and, in 
the same breath, saying that the 
manned bombing mission is a thing of 
the past — manned, that is, insofar as 
strike planes carry flight crews, gunners 
and bombardiers. 

Should the United States be involved 
in warfare next year there is a strong 
probability that pilots of bombing 
squadrons could sit 50 to 100 mi. from 
the target, watching their unmanned 
bomber flights plunging through anti- 
aircraft and fighter intercepters and 
grateful for the demonstration at Bikini 
on July 1, 1946. 

Bikini established generally that both 
heavy bombers and fighters can be pre- 
cision-flown through heavy turbulence 
by remote control as accurately as if 
operated by crews aboard the planes. 
Moreover, drone bomber squadrons 
should go into a strike with an apprecia- 
ble gain in either range or bomb load. 
They would be stripped of the weight of 
men, crew gear, and personnel armor 
weighing several thousand pounds per 
plane. Even the most complex installa- 
tion of radio control could easily weigh 
less than 1,000 lb. per airplane. The full 
installation of impulse receivers, control 
actuating motors, radar, and television 
in the B-17 drones flown through the 
center of the Bikini atomic blast could 
weigh no more than 500 lb. per plane. 

It is difficult to attach importance to 
the drone operation of Navy’s Grumman 
F6F fighters as such. True, they gave 
practical demonstration that a piston 
engine drone fighter can be flown with 
a high degree of accuracy by a very busy 
pilot in a “mother” fighter; but the con- 
ventional combat utility of such an ar- 
rangement is not apparent. Rather, it 
might be said the fighter drones point 
to ultimate use of very high speed 
winged missiles, jet or rocket propelled 
and aimed by a distant control pilot 
flying a comparably fast aircraft. 

Col. Alness anticipates for the radio- 
controlled winged missile of the future 
a speed range reaching up to 2,000- 
3,000 mph. Of this trend in air warfare, 
he was emphatic in saying: “There is 
no question of its coming; it is here.” 

With the expressed attitudes of Gen. 
LeMay and Col. Alness in mind, and 
the assumption that any new war will 
open with an atomic bomb attack. Gen. 
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LeMay's reasoning on immediate defense 
planning gives support to this article’s 
opening estimate of aircraft needed now* 
to rebuild our national defense. 

Gen. LeMay envisions three possible 
defenses against atomic bomb attack. 
They may be listed in brief, for refer- 

1. A strong anti-aircraft and fighter 
defense using atomic counter weapons 
to intercept and destroy atomic bombers 
or missiles before they reach their 
targets ; 

2. Striking at atomic bomb bases; 

3. Striking at atomic bomb manufac- 
turing centers. 

Should the first defensive measure be 
developed to an efficiency that would de- 
stroy 80% of invading atomic bomb car- 
riers, enough would get through to do 
crippling damage in a very short time 
during repeated strikes. Japan’s ina- 
bility to knock out American bomber 
bases in the Marianas convinces Gen. 
LeMay that the second measure could not 
be expected to be very effective. 

Only the third, he feels, has a chance 
of success. Executed instantly, it would 
have the effect of halting the flow of 
atomic bombs to bomber or rocket bases, 
and the attack would terminate with 
starvation. 

Obviously, the effectiveness of such a 
defense would depend upon an initial 
limitation of atomic bomb “stockpiling” 
by an aggressor nation; and it is quite 
likely that any uation contemplating a 
surprise attack would not risk disclosure 
of the fact by appreciable advance 
movement of atomic bomb materials 
from factories to launching sites. 

Gen. LaiMuy indicated that the Air 
Forces and Manhattan District arc at 
work separately on methods of policing 
production of fissionable materials out- 
side the United States. 

Whether early detection of atomic 
bomb production depends on cloak-and- 


dagger methods or is possible by the 
use of sensitive instruments was not 
disclosed. However, granting that it is 
possible, it qualifies the value of the 
third defense measure and indicates the 
type of aircraft which probably will be 
dominant in military production orders 
through the interim period of guided 
missile research: 

Fast, heavy bombers capable of strik- 
ing any point on the globe and return- 
ing; possessing flight characteristics 
suited to radio remote control operation. 

It might be pointed out here that un- 
til the performance of the very long 
range Northrop XB-35 flying wing 
bomber (see article by John K. Northrop 
on page 61) and the Consolidated 
Vultee XB-36 bomber are proved, our 
nearest approach to those general speci- 
fications is the Boeing B-29 and its ad- 
vanced version, B-50. 

If Gen. LeMay’s views reflect our de- 
fense planning at the highest level, wit- 
nessing Bikini results by House and 
Senate leaders may very well lead to 
an early upward trend of appropria- 
tions for interim aircraft and pilot pro- 
duction of guided missiles. The Gen- 
eral predicted: “The time will come, I 
hope, when the bulk of our fighting will 
be done automatically. I’m among those 
who don't like to get shot at,” adding 
that “we must realize that if another 
war comes we will be the first attacked. 
The security of the space of our sur- 
rounding oceans is gone, and with it 
has gone time to prepare war resources 
in defense against an aggressor.” 

Foreseeing radical developments in air 
weapons, he conceded the usefulness of 
the military airplane will be measured, 
in time, by the money spent now on new 
weapons research. “I only hope that 
when the time comes we can let go of 
the airplane, the heavy bomber, quicker 
than the Navy has let go of the battle- 
ship,” he said. 


There were some present during the 
Bikini tests who believed Gen. LeMay's 
and Col. Alness’ time estimates for tac- 
tical perfection of guided missiles to be 
too conservative — that such weapons 
may be expected to be extremely useful 
within a very short time. If this is true, 
it may be said the Bikini tests hastened 
guided missile evolution to a marked de- 

It may be expected that drone radio 
receiving devices and their mechanical 
slaves used on the B-17s will have set 
the pattern for drone bomber installa- 
tions. Similarly, the counterpart equip- 
ment used in the Navy F6F should in- 
dicate electronic and mechanical hook- 
ups for a variety of winged missiles of 
comparable size. 

Too, performance of the drones at 
Bikini provided a rigorous test of con- 
trol methods under near-combat condi- 
tions and — a now important considera- 
tion — while functioning in the midst of 
intense radioactivity within the column 
of the atomic bomb's blast cloud. 

This atomic proving ground estab- 
lished that drone bombers (or guided 
missiles) will suffer no radiological in- 
terference with their control. 

There was no noted evidence of inter- 
ruption of the electronic control of the 

Electric circuits throughout the air- 
planes functioned normally while flying 
through the cloud. 

Engine power remained constant with 
no evidence of oxygen starvation. 

Turbulence at all levels within the 
cloud column probably was less than 
that encountered within - continental 
thunderheads. This was borne out by 
the fact that drones leaving the cloud 
showed altitude changes of less than 
500 ft., maintained stability within the 
50-deg. limitation for recovery by the 
autopilot; and suffered no evident struc- 
tural damage. 
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All Army bomber drones were recov- 
ered and brought to perfect landings at 
Eniwetok, and the Navy F6F drones 
from the carrier Shangri-La were landed 
at Roi Island with one exception, which 
spun into the ocean 15 min. before the 
bomb was dropped. Loss of control pos- 
sibly was due to failure of an electronic 
tube in the control circuit, and could 
even have been due to failure of an 
electric relay contact through corrosion, 
which has made all types of maintenance 
difficult in the tropic climate of Opera- 
tion Crossroads. 

Agreeably surprised at the success of 
both Army and Navy drone results was 
Col. R. E. Jarmon, chief of the techni- 
cal evaluation section of Crossroads’ 
Task Group 1.5 and chief of the arma- 
ment laboratory at Wright Field prior 
to his current assignment. Of the B-17 
drone which entered the blast cloud at 
24,000 ft. during the peak of turbulence 
he said, “We figured the chances were 
90-to-10 that we would lose this one.” 

Commenting on the Navy’s drone loss, 
he pointed out that failure of a single 
radio tube in a group of circuits using 
150 tubes per plane would be critical 
and easily cause loss of the aircraft. 
While this seems to indicate that flights 

might be strikingly vulnerable to anti- 
aircraft fire and fighter interception, 
there is little doubt that combat installa- 
tions of electronic equipment would bo 
both heavily armored and thoroughly 
cushioned against explosion shock. 

Considering that Col. Alness received 
orders to set up the bomber drone oper- 
ation only in January, and that it was 
not until March 15 that his group re- 
ceived delivery of ten stock-shelf 
B-17Gs, the success of instrumenting 
them for a perfect operating score on 
July 1 shows what should be accom- 
plished in outfitting large forces of 
bombers for drone combat assignment. 

Time for preparing the drones for the 
first Bikini test was so short, in fact, 
that final perfection of radio control de- 
vices was not accomplished until after 
the planes had been flown to Eniwetok. 
Thera a technician of the group, Lt. 
Peter R. Murray, invented, built on the 
scene, and installed a radio-controlled 
differential braking system to replace the 
simple “full on” radio brake control used 
until then. The differential braking was 
final insurance against loss of returning 
drones by ground looping on the land- 
ing runway. 

While maintenance of the 68 Army- 
Navy aircraft which flew in the Bikini 
tests was unusual only in the intensity 
with which ground crews applied them- 
selves to the job of having their planes 
ready on the flight line, the trend toward 
very long range bombing with tactically 





high-value loads of atomic bombs un- 
doubtedly will induce a critical review of 
present maintenance procedures. 

Loss of a single plane over enemy 
territory through a maintenance “abort” 
might prove disastrous in giving an en- 
emy a ready-assembled atomic bomb 
which could be re-delivered to its point 
of origin with telling effect. 

Lt. Col. U. S. Nero, in charge of main- 
tenance for Task Group 1.5 planes used 
at Kwajalein, believes the trend toward 
very long range bombing with massive 
aircraft may call for adoption of spe- 
cialized maintenance procedures used ex- 
perimentally in preparing the 38 B-29s 
and C-54s under his jurisdiction for the 
Bikini operation. He feels that efficient 
maintenance of large aircraft is best 
gained by assigning mechanics to spe- 
cialized jobs rather than having an over- 
haul crew work “around the clock” on a 
given airplane. 

Presumably very long range bombing 
would call for operation either from con- 
tinental points or from outpost bases 
which would be sufficiently developed to 
allow maximum use of maintenance tech- 
niques indicated for large planes. Ac- 
cordingly, utilization of heavy bombing 
equipment should hold to a high level in 
comparison with that resulting from the 
often inadequate maintenance of planes 
flown from forward bombing, bases dur- 
ing the closing phase of the last war. 

Weather forecasting will be of mount- 
ing importance as long range bombard- 
ment planning develops. 

Coordination of world weather data 
extending far beyond information now 
obtainable, and a coverage of Pacific, 
and Arctic weather “blind spots” will be 
necessary. 

Reasonably accurate 15-day forecast- 
meteorologists. 

Accurate 24-hr. forecasts — and by that 
extreme accuracy is implied — will be on 
the “must” list of tactical requirements. 

Planning for a 5,000-mi. bombing mis- 
sion would have to go beyond considera- 

Weather preparations for Operation 
Crossroads have disclosed the probabil- 
ity that long range missions for very 
heavy bombers will have to take into 
consideration relative humidity forecasts 
as a critical factor in planning engine 
power settings and obtaining maximum 
performance from minimum fuel loads. 

Tip-off to this new use of weather 
forecasting was given in daily weather 
flights conducted jointly by the Army 
and Navy to augment spotty weather 
data provided by limited shore and ship 
observations, radiosonde, and rawin — 
the latter radar-tracked high altitude 
balloons. 

Planes sent aloft daily to cover the 
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north and east Marshall Islands area, 
and south to points below the Equator, 
carried as standard equipment the psy- 
chrometer, which permits the airborne 
meteorologist to obtain wet and dry bulb 
temperatures and relative humidity at 

Experimentally, psychrometer read- 
ings have been applied to evaluation of 
power performance of weather plane 
engines at varying degrees of humidity, 
and with such success that weather of- 
ficers at Kwajalein believe use of a psy- 
chrometcr aboard a massive airplane — 
such as the XB-35, XB-36 and Consti- 
tution — will pay impressive dividends in 
fuel economy. With a psychrometer, the 
flight engineer will be able to have a 
positive check at all times on the output 
of his power plants, and will vary power 
settings in flight for humidity as well os 
for altitude, speed, and decreasing fuel 
load factors. 

Drone bombers, if accompanied at rea- 
sonable distance by mother planes, will 
be given the advantage of humidity 
power control by radio. 

While all this discussion has had a 
strongly militaristic flavor, it must be 
borne in mind that Operation Cross- 
roads essentially has been little other 
than a military show. 

However, aircraft and accessory man- 
ufacturers, research engineers, and air- 
line operators, too, should find the mili- 
tary trends brought into focus at Bikini 
of strong commercial significance. 

Military development of heavy drone 
aircraft will lead to civil application of 
remote control techniques conceivably 
useful in the operation of crcwlcss air 
freighters having their entire lift de- 
voted to fuel and payload. 

Similarly, as the early development of 
domestic civil airways and weather fa- 
cilities provided tailor-made channels for 
movement of military aircraft in war- 
time, future long range bombing defense 
preparations will justify world air route 
and weather reporting expenditures 
which will be of immediate benefit to D. 
S. commercial air carriers. 

Important as the Bikini atom bomb 
tests have been in accenting the probable 
future of military aviation, it was dis- 
appointing yet understandable that the 
operation was restricted to the use of a 
limited variety of obsolescent aircraft. 

The only planes active in the target 
area were B-29s, C-54s, B-17s, F6Fs, 
TBMs and B-17 and PBM rescue craft. 

Now “ancient” and designed for other 
purposes, these planes were modified 
brutally and fantastically to carry mil- 
lions of dollars worth of the very latest 
in scientific measuring devices, drop- 
pable blast gages, and cameras. 

Amron Katz, civilian photographic 
physicist attached to Wright Field, 


would like to have seen the Lockheed 
P-80 jet fighter used to flash in and out 
of the area at high speed and able to 
hunt for momentary photographic posi- 
tions which could not be reached by 
camera planes having half the speed. 
He believed, too, that the P-80 would 
have given a nearly-vibrationless plat- 
form for heavily-filtered cameras oper- 
ating at low shutter speeds. 

Beyond these aspects, the use of drone 
jet fighters in the atomie cloud would 
have provided, it seems, valuable infor- 
mation on performance of turbine en- 
gines in flight through radioactive de- 
bris. Also, valuable information would 


the Bikini “Able Day” test was 
a laboratory setup and not a 
simulated attack against a fleet nor- 
mally arranged in a harbor, newsmen 
were tempted (and some yielded) to 
play up a strictly technical operation as 
a sort of glorified bowling match with 
the navy simps as the pins. 

By itself, of course, the number of 
ships sunk or damaged means nothing, 
for results can be varied by spreading 
the ships or bringing them closer to- 
gether. Despite much gossip to the con- 
trary, I think it obvious that the first 
test was reasonably well designed to 
carry out the Presidential directive that 
graded damage, from great to slight, 
should be obtained. 

secure a set of data in curves — rather 
than a box score — curves correlating 
pressure, temperature and damage to 
every ship, every part, every piece of 
equipment, with the distance from the 
bomb. 

It may be hard to make the American 
public understand how vital is such in- 
formation. But without it naval design- 
ers cannot build ships or bases suited 
to an atomic age. 

To questions regarding the value of 
this test my answer is that Operation 
Crossroads will cost less than one new 
battleship, but will give data essential 
for the design of new ships and bases 
and the determination of tactics. Al- 
though a city would generally be a better 
target, we should not assume that an 
enemy having plenty of million-dollar 
atomic bombs will not drop one on a 
hundred million-dollar ship. 


have been gained concerning the accu- 
racy of control of lightweight, high 
speed jet aircraft in flight through com- 
bat sky rubble. 

Tbo only plausible explanation for 
neglect of the use of the P-80 and other 

it would have compounded maintenance 
problems already serious with the few 
types of aircraft actually used. 

Considering the total effort and cost 
involved in Operation Crossroads this 
appears to be, in retrospect, an admis- 
sion of failure to take full advantage of 
aviation research possibilities offered by 


Independent scientists on our sister 
ship, the Panamint, tell me they expect 
valuable information in the field of pure 
science, particularly in radiation from 
high temperature sources, in ocean- 
ography and radioactivity, biology and 
botany. While the big bosses of Opera- 
tion Crossroads justify their experiment 
strictly as a source of essential military 
information, general scientific data will 
be an important byproduct, and the 
public interest is well represented at 
Crossroads by the President’s Evaluation 
Commission headed by Karl T. Comp- 
ton, President of MIT, as well as by the 
scientific observers on the Panamint. 

I have seen no evidence that the test 
was “rigged” in any important respect 
to make an unfair showing for the Navy, 
but such charges and suspicions will 
inevitably arise. The public will have 
special need for the advice of competent 
and disinterested observers. Even with 
such advice there is danger that Cross- 
roads may become one of the most per- 
sistently misinterpreted technical experi- 

The “Able Day” experiment was well 
planned and executed. The bomb was 
of normal efficiency and performed as 
informed opinion had predicted. Those 
who expected the impossible — trees up- 
rooted at Bikini Island three mi. away 
or steel melted on ships a quarter-mi. 
away — were disappointed. 

Such unscientific expectations arose 
largely from failure to understand how 
rapidly all bomb effects must fade with 
distance. The much advertised “100,- 
000,000-deg. heat” was confined to the 
bomb's center and lasted perhaps a mil- 
(Turn to page 145) 


A-Bomb vs. Surface Ships 

By PHILIP SWAIN, Editor. "'W' W McG mw-Hill Correspondent 
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Here's What the Public Wants 


Nation-wide survey reveals what average man and woman has been 
led to expect in personal planes; shows urgent need tor widespread 
education by entire industry in national air power policy and airline 
facilities. 


I f manufacturers of military, trans- 
port and personal planes, and air- 
line operators are to materially en- 
large their markets, a well planned, 
long-range educational program for 
John Q. Public is still necessary. 

Too many average Americans know 
too little about the lundameutnls of air- 
power; too many know Loo little about 
wind they can actually expect in per- 
sonal planes; and too many arc just 
plain afraid to fly, whether it lie in an 
airliner or a personal plane. 

Such arc the inevitable conclusions 
reached from a study of a nation-wide 
survey of three major phases of the air- 


i-rafl industry made for the Sulurdu/i 
Evening Post by the Research Dept, of 
the Curtis Publishing Co. 

Strangely enough it is in the field of 
national policy that the average man 
and woman seemingly has the best grasp 
of the situation, but when fundamental 
reasons are reached in the questioning, 
it is evident that there is a tremendous 
field for spreading knowledge. 

To the question; “In the future do 
you think the natural barriers of water 
and distance will be adequate protec- 
tion for the United States against enemy 
attack?” 88% said no and, unlike the 
situation holding after the last war, 3% 


•lid those in cities. To the question: 
"Do von believe we should maintain a 
military force during peacetime as an 
aid to insuring peace?" over 9 5% re- 
plied yes. 

And 78.5% said they would lie willing 
to pay more taxes than they did before 
the war to support a powerful Army, 
Navy and Air Force. Here too, the 
answers were quite evenly divided among 
urban and rural areas — 70.1 and 77.1% 

Still encouraging were the answers on 
how ail-power should be maintained: 
5fi.3% said the Air Force was the mosl 
important of the three services. 21.8 
said the Navy. 13.6 said the Army, and 
7.1 said all three. To the question: 
"Do you think that our government 
should spend money keeping up to date 
on aircraft research, invention and de- 
velopment after the war?” 95.7% an- 
swered in the affirmative. And of the 
total, 49% said some government de- 
partment should be responsible for do- 
ing this, 31% thought the aircraft in- 
dustry should be responsible, and 18.5% 
said the military. 

This opinion was bulwarked by an- 
swers to another question : "Do you 
think aircraft manufacturers should pro- 
vide their own funds for research, ex- 
periment and invention for military air- 
craft, or should they he financially as- 
sisted by flic government?” To this 
69.2% thought the government should 
give financial assistance; 29% said the 
industry should do its own research 

financing. 

Here, however, the need for education 
begins to show up. While 88.5% said 
yes when asked : "Recognizing the faet 
that air is everywhere, over both land 
and water, do you think the United 
States should strive to be the leading 
nil-faring nation ?” almost everyone gave 
a superficial answer. 

Only half of one percent said “it will 
support the aircraft manufacturing in- 


cruising speed and 500-mi. range , most people 
want or expect* these equipment items on their 
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dustry and keep us prepared in peace- 
time”; only 0.2% said "it would pro- 
vide the personnel that if needed could 
quickly be converted to military use.” 
Over 36% gave military reasons; over 
35% agreed "we should naturally always 
strive to be the leader in the develop- 
ment of aviation”; more tlinn 11% -aid 
we have the location and facilities lot- 
accomplishing it and 10.5% said it 
would help develop future foreign trade. 

Since, as the survey so conservatively 
decided: “less than 1% seem to under- 
stand that airpower derives from a suc- 
cessful and always prepared aircraft 
industry, it would seem highly desirable 
that the other 99% be educated to a 
full realization of this basic fact. To in- 
sure our freedom and security against 
enemy action in the future, a well di- 
rected program of education to this end 
may not only be desirable but actually 
imperative.” 

Almost as big an educational job ap- 
pears necessary in the personal plane 
field — or revolutionary planes must lie 
created — because John Q. Public wants 
a tremendous amount for his money. 

First, however, a great many more 
people must be educated to want per- 
sonal airplanes, for only 32 out of every 

100 men and women even wanted to own 
their own plane; and of non-owners 
only 7 of every 100 was “definitely plan- 
ning” to buy one. 

Here are the reasons and percentages 
why nearly 68 out of every 100 said 
they were not buying: too expensive, 
30.7%; no need or use, 20.1; no desire 
or interest, 17.9; too old and poor health, 
14.2; fear, 10.1; miscellaneous reasons, 
9.6; prefer other means of transporta- 
tion, 8.7; and, not convenient to own a 
plane, 8.1. 

And here is how the average man feels 
about the question : "What features do 
you consider essential or necessary in 
the plane you buy?” 

No. of seats — including pilot : 

2 seats 21.5 ° 

3 seats 15.7 

5 seats 11.3 

Cruising speed : 

80 -100 mph 25 4% 

101 120 mph 7.7 

121-150 mph. . 38.1 

151-180 mph .. 3.7 

Over 180 mph 18.3 

Cruising range 

300-350 mi 26.1% 

351 500 mi 39.5 

501 750 mi 92 

750-1.000 mi 5.0 

Over 1,000 mi 9.0 

Rut that isn't all the public wants. 
When asked, “What other feature-?" 
the important percentages included 
these: radio, 30%; safety devices, in- 
cluding automatic pilot. 28; heater nr 



air conditioning, 8.5; all modern equip- 
ment, 6.5: sturdy construction and good 
motor. 5.3. Others, all under 5%, wanted 
low landing speed; navigation instru- 
ments; comfortable seats; retractable 
gear; short landing and takeoff runs; 
flaps; and easy-to-handle planes. 

And what would the public be willing 
to pay- for a plane embody-ing the ma- 
jority of these features? Nearly 30% 
would pay between $2,000 and $3,000; 
nearly 22% from $1,500 to $2,000: over 
15% from $1,000 to $1,500: 11.6% from 
$3,000 to $5,000; and only 4.6% from 
$5,000 to $10,000. Nearly 11% didn’t 
know what they’d be willing to pay; 
only 2% would go over $10,000 and 4% 
wouldn’t pay more than $1,000. 

Such answers can only mean a chal- 
lenge to the entire personal plane indus- 
try. As the survey reports, “education 
is the one solution for meeting this situa- 
tion. People need to be told and re-told 
the prices of the. planes and also the 
costs of operation in relation to features 
provided and specific performance. . . . 
Permanent and growing markets need 
satisfied customers. For customers to be 
satisfied, they need to be well informed.” 

While it is agreed the airlines have 
made almost unbelievable strides, the po- 
tential market has barely been scratched, 
again showing the need for continuous 


public education in this fast growing 
field. 

The volume of this market, was indi- 
cated by two questions, first "Have you 
ever taken a ride in an airplane?" (to 
which 40.6% said yes) and second, to 
those who replied yes, “Was it an air- 
line plane?” to which 35%, or 14.2 of the 
total gave an affirmative answer. 

The reasons why some 60 of every 100 
men and women had not taken 'an air- 
plane ride were varied, hut several of 
them can lie interpreted as resulting 

ted to being afraid, while 4.9% said 

interested; 1.2% said they preferred 
other ways of traveling; a little over 
1% said they didn't like height or were 
too old and nearly 2% gave miscel- 
laneous reasons. Only 4.7% said air 
travel was too expeusive. 

Narrowing the field specifically to air- 
lines. the survey showed that 45.8% 
planned postwar travel by air: 33.7% 
were not going to use the airlines; and 
20.5% didn't know. Of those who were 
not planning to use the airlines 37.5% 
said they had no occasion or desire; 36.9 
said they were afraid or too old; 17 pre- 
ferred other forms of transportation; 
8.6 said it was loo expensive; and 2 ob- 
jected to height . 

There are other educational lectors 
besides fear, however, for "while the 
survey clearly indicates the favorable at- 
titude of the public toward airlines and 
airline planes, many people who have 
traveled by airplane appear to need ad- 
ditional education for a more compre- 
hensive utilization of the facilities pro- 
vided. Airlines, like any other agency 
of transportation, need an even flow of 
passenger traffic during all seasons of 
the year. Only 32%%. however, of 
those who have traveled by airlines have 
done so during all seasons of the year. 
Two-thirds of airline travelers have used 
airlines most in the summer and least 
in the winter. Also, when asked whether 
they prefer to travel by airlines during 
the day, the evening, or overnight, 59.4% 
reported they had no preference. Some 
34.7% prefer the day for airline travel, 
3.6% overnight, and 2.3% the evening. 
That cost does not appear to be a serious 
deterrent in the use of airlines is again 
indicated when 62.6% of airline users 
said they would prefer to retire and 
sleep in a berth for an additional charge. 
Twenty percent said they had no pref- 
erence and 17.4% prefer to sit up in a 
seat. A program of education on airline 
facilities and services would not only 
benefit the airline passenger, but also 
the airlines. An effort directed at level- 
ing the peaks and valleys of airline 
travel during seasons of the year and 
hours of the day would appear to have 
;• desirable and worthwhile objective." 
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Network of Service Bases 
Started by Lockheed 


First link of factory-directed overhaul and repair and parts supply 
centers under way in New York area as outgrowth of prewar and 
wartime experience in raising aircraft utilization. 


I providing the maximum factoiy-di- 
rccted service facilities for both air- 
line and individual owners, Lockheed 
Aircraft Corp. is establishing a major 
overhaul base at MacArthur Field, gov- 

Islip, Long Island. 

This new service facility represents 
a major step toward culmination of 
plans first described by Reagan C. 
Stunkel, Lockheed's general service man- 
ager, in Aviation for Dec. 1944. 

As explained by James Boyce, Lock- 


heed eastern service manager, the phil- 
osophy behind this million-dollar ven- 
ture is simply this: To give aircraft op- 
erators the most efficient and economical 
service possible so that they may increase 
utilisation of their planes and thus ren- 
der better and more economical trans- 

The trend is somewhat similar to that 
in the automotive field — in the old days 
a man with a pair of pliers and a screw- 
driver could do a pretty fair job on his 
Model T but, as cars became more com- 
plicated it was cheaper and more effi- 


cient to have the work done by a service 
organization which had the backing of 
the manufacturer. 

Establishment of the new base — which 
will be followed by others throughout 
the world — is a natural outgrowth of 
Lockheed’s extensive wartime service ex- 
perience, in which its service department 
employed more than 10,000 men in over- 
seas operations alone. Among the larg- 
est, it will be recalled, were the 
operations in England, where the com- 
pany operated major overhaul bases and 
modification centers for the Army Air 
Forces and British Ministry of Aircraft 
Production. These overseas bases — oper- 
ated by Lockheed Aircraft Overseas 
Corp., a wholly-owned subsidiary — were 
in addition to the several modification 
and training centers operated in this 
country by the service division for both 
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Establishment of the base in the New 
York area was a “natural”, for all such 
operations must be at major terminal 
points, and it is almost certain New 
York will continue to be the terminus 
not only of practically nil trans-Atlantic 
runs, but of many transcontinental 
routes as well. Setting up some of the 
foreign bases will, of course, have to be 
delayed pending clarification of terminus 
points on international routes. This fac- 
tor may also mean moving some of the 
bases in the future. The base at Rine- 
anna, Eire, for example, will go into 
operation within a month or so, but may 
eventually have to be moved to some 
point on the European continent. 

Double Action at MacArthur 

The MacArthur operation will be a 
dual base providing two functions : 
First, overhaul and repair and, second, 
supplying spare parts. 

As aircraft have grown in size and 
complexity and, with recent additions of 
different types of aircraft, the airlines 
have found it constantly more costly to 
provide the equipment to service the 
craft and to train personnel for proper 
maintenance. By providing the essen- 
tial equipment— especially costly test- 
ing units— whieh can serve many air- 
lines, Lockheed feels it can render serv- 
ice more economically than the airlines 
can themselves. 

In addition to eliminating the need 
for airlines’ duplicating of expensive 
equipment, the MacArthur base will 
serve another important function, that 
of providing space, which is becoming 

This "has become apparent at New York’s 
Idlewild Airport, even before the lines 
have had a chance to begin operations 


First foreign link in Lockheed’s serv- 

month at Shannon Airport, Shannon, 
Eire in property having access to the 
Irish airport’s three 8,000-ft. runways. 

Reagan C. Stunkel, general manager 
of Lockheed Aircraft Service said the 
new base “will operate as a European 
distributing point for Constellation 

complementing the activities of our 
MacArthur Field service base on Long 
Island, and our home base at Burbank. 




In the initial stage of its operations, 
Lockheed’s new base will concentrate on 
stocking spare parts for Constellations, 
but this base will be broadened as de- 
mand arises. No large stocks of instru- 
ments, propellers and similar items will 
have to be carried, however, since the 
base is strategically located within two 
hours delivery of practically all major 
produceis of such units. 

seas operations, the Lockheed bases will 
not necessarily be confined to servicing 
Lockheed planes. During the war, it is 
pointed out, only 25% of the total work 

pany's own craft. ' That other-than- 
Loekheed work may form an important 
part of the base’s total volume is indi- 
cated by the fact that negotiations are 
under way to service foreign airlines 
whose repair and overhaul facilities were 


This will greatly reduce costs of in- 
dividual airline operation by providing 

tegic points on the globe.” 

Henry H. Ogden, supervisor of Lock- 
heed’s wartime service bases in Eng- 
land will be in charge. He will be ac- 
companied by general manager D. J. 
Stevenson, production supervisor E. M. 
Pritchett, key mechanics Maurice E. 
Ruch and S. N. Farley, with the re- 
mainder of the staff to be recruited 


ruined due to bombing during the war. 

While emphasis in the early stages of 
the game will be on airline service, the 
feederline, charter and individual own- 
ers are not being overlooked. These 
bases will in fact, be of special interest 
to operators of the Saturn, recently an- 
nounced Lockheed feederliner. As presi- 
dent Robert Gross pointed out, “We do 
not expect many large orders — 20 to 30 
planes — for the Saturn, but we do look 
for many orders of two or three planes 
each.” Having strategically-located fac- 
tory service facilities, it is felt', will be 
of material assistance to such operators, 
for they will eliminate the need for large 
investments in repair and overhaul fa- 
cilities that otherwise would be neces- 
sary. 

Early Opening Slated 

The MacArthur base is scheduled to 
start- operations within the next 30 days 
and it is anticipated that all the original 
building schedule will be completed by 
next Dec. 1. The first building will be 
a 200 x 300-ft. combination office, shop 
and warehouse ; other facilities to follow 
immediately will include a 200 x 300-ft. 
hangar of sufficient size to adequately 
house the Constellation. 

That Lockheed believes it can succeed 
in this first of a network of factory- 
directed service bases is indicated by the 
fact that it has taken a 10-yr. lease with 
options to renew for another 10-yr. 
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Wing Work Rack 
Has Novel Features 


• Designed to hinge into two positions, for use either ns a work rock fur wing 
repair or for vertical storage of finished work, this device — built by Charles Grinder 
of Martin’s Creek (Pa.) Airport — has saved its cost many times. Hooked end 
pieces, serving to hold wing leading edge when rack is in vertical position, may lie 
moved out of the way by disconnecting a small brace rod. Pin through hinge hear- 
ing of stand holds rack securely upright, and detachable leg on trailing-edge 
provides support when it is desired to have work horizontal. 



Field Unit Tests Instruments 
Without Need for Their Removal 

• To eliminate considerable time loss incurred during re- 
moval and replacement of instruments when making routine 
tests, this wheeled unit — developed by ATSC — is used by 
AOA at LaGnardia Field, K. V. 

Equipped with master testing devices and incorporating 
reels for pressure and vacuum hose and electric lead wires, 
this compact truck and its associated equipment permits 
checking of instrument without removing it from panel in 
cockpit. Inspection forms and instruction manuals are held 
in cover of equipment box (seen, left, in open position). 
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This Flying Service Promofion 
Really Boosts Business 

PART VII OP A SERIES 


By CHARLES A. PARKER, Flight Service Div„ Robinson Aviation, Inc., 

Telerboro Air Terminal, Telerboro, N. J. 

Showing how to stimulate interest in local airport activities, the 
author presents effective methods of general and direct promotion 
means and advantages of stressing the short flight. 


C as a whole, very little money has 
been spent for sales promotion. 
And after the CPTP was inaugurated, 
providing the operator with a “back- 
log” income, expenditures for advertis- 
ing and promotion were further less- 
ened. In our postwar aviation, many 
operator's arc being faced with keen com- 
petition, despite the expanded market 
and the 6. I. Bill of Rights with its 
“silver platter” business. Most lucrative 
source of business is still the public at 


ing and other promotion. 

Newspaper publicity: It is important 

lationship with local press services, 
winning their full cooperation. Aviation 
still makes fairly attractive news mate- 
rial — having much more appeal than 
most types of business enjoy. All pos- 
sible free publicity should be obtained 
through current news items and stories 



of the airport’s activities, personalities 
who have flown there, and other items 
of interest. And it may be possible to 
develop a weekly column of news or 
comment. This is all good advertising 
and, best of all, at little or no expense. 
In any news story the press is interested 
in five essential points — who, what, why, 
when, and where. Correct full names 
and addresses are particularly im- 
portant. 

Not only is the publicity angle of gen- 
eral value, but there may be revenue 
for an occasional charter flight, from any 
newspaper office. In addition, properly 
controlled publicity, in the event of ac- 
cident, may be possible if good relations 
exist. An interesting illustration of 
this was shown in the ease of an air 
charter accident involving fatalities. An 
excellent relationship existed between 
the charter company and the local news- 
papers, and all papers were immediately 
informed of the accident by the op- 
erator. Reporters covering the accident 
were given full information and re- 
quested to cooperate. Result was that 
only one story of six city newspapers 
carried the operator’s name, mentioned 
only once. 

Displays: Utilization of window dis- 
plays will enable the operator, figura- 
tively speaking, to bring his airport to 
Main Street. In any community there 
are opportunities for window-type or 
other public displays. A storekeeper or 
travel agency with window space may be 
interested in the attraction that an avia- 
tion display will afford. And people 
with whom the operator spends money 
may be particularly receptive and glad 

There may be instances where the 
operator can tie his services in with some 
event featuring aviation — an aviation- 
theme movie at the local theatre or a 
model airplane display at a retail store. 
Also, such days as the anniversary of 
the Wright brothers’ first flight might 
afford opportunity for some special pro- 
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motion. In any display the operator 
should attempt to work in all possible 

ness. Posters, descriptive folders, litera- 
ture on new airplanes, aerial photos of 
local points of interest, parts, books on 
aviation, instruments, and models all 
make excellent material. A little imagin- 
ation will go a long way in preparing 
any display with whatever material the 
operator has at hand. 

More substantial displays may be pos- 
sible-using actual aircraft — at local 
fairs, expositions, and auto showrooms. 
And the operator with any substantial 
aircraft sales activity may well consider 
a permanent tie-in with a local auto- 
mobile dealer for permanent display of 

Public talks: Another inexpensive 

talks on aviation, which include the op- 
erator’s activities. This costs nothing 
and is part of general background pro- 
motion that is valuable. Opportunities 
may be found with clnbs, fraternal or- 
ganizations, and at special dinners, where 
a good cross-section of responsible per- 
sons may be found. Often those in 
charge of such organizations or func- 
tions are looking for speakers to pro- 
vide an interesting subject, and are 
anxious for suggestions. Attractive 
photos or color movies of the operator’s 
activities will be particularly appro- 
priate for such occasions. 

Signs: For those airports located off 
the beaten paths, directional signs as- 
sume double importance. Sometimes 
people will not put themselves out to 
find an airport remotely located. The 
answer is, of course, to put up signs. 
In some instances the town or city may 
assist the operator— particularly so if 
the airport is of municipal origin. 

Once the trade is at the field, it is good 
business, to describe, by sign, the oper- 
ator’s Services, mnd particularly any air- 
craft dealership he may represent. 
Dealership advertising is especially de- 
sirable, since it ties in the operator's ac- 
tivity with practices with which the pub- 
lic is readily familiar, namely, those of 
the automobile dealer. Thus, the gap of 
understanding will be narrowed down 
and the operator's activities more read- 
ily accepted. 

But it must be remembered that di- 
rectional descriptive signs must be at- 
tractive and so maintained at all times. 

Satisfied customers: These constitute 
one of the most valuable and inexpensive 
sales aids for the operator, and should 
remain a prime consideration. 

Direct Promotion 

Personal contact: For selling avia- 
tion, the most valuable effort is direct 
contact.' Thus factor makes it possible to 


answer the wide variety of questions 

which the uninformed may wish to have 
answered, and hence is a means for cor- 
recting many misconceptions that so 
many people entertain regarding flying. 
And, it is the medium through which the 
prospect can be personally asked to sign 
up or gave his order. 

Direct selling may be done by the 
manager, a pilot, or mechanic, but, bet- 
ter still, by a salesman specially hired 
for the purpose. However, everybody — 
from the mechanic’s helper to the owner 
— should sell the business at all times. 
This effort cannot help but contribute to 
the eventual improvement of the enter- 
prise as a whole. 

But it is necessary for anyone in- 
volved in selling to think and talk on the 
right basis. Here are some practical 
sales points for all who participate: 

a. Talk in the prospect’s language. 
Look at the product from his point of 

b. Never argue with a 'prospect. 

c. Don’t knock a competitor. 

d. Take a hint from the average gas 
station attendant— be pleasant and 
agreeable. Make the airport a friendly 
place. 

e. Remember that a continued cus- 
tomer is desired, not a one-time user. 
Build confidence by talking and acting 
on a sound basis. 

f. Don’t let anyone leave the airport 
thinking that flying is still a fly-by-night 
proposition. Counteract expressions of 


doubt by convincing and constructive 
arguments. 

g. Bear in mind that effort doesn’t end 
with the sale. See that customers are 
properly served after being sold. 

Sales literature: It will be decidedly 
advantageous to use descriptive litera- 
ture. This is the operator's salesman- 
in-print. Such literature is excellent 

something that the prospect can take 
away with him to peruse further. Supple- 
menting personal contact, suitable litera- 
ture is an excellent number-one step in 
the sales effort right at the airport. The 

prehensive folder covering all services, 
to a highly specialized presentation. For 
example, literature may be prepared 
covering aspects of instruction and 
rental flying and lead up to eventual 
ownership. Other material may be de- 
voted entirely to air charter, air tours, 
and sightseeing. 

One company, working in an area 
covering approximately 800,000 people, 
developed a twelve-page booklet solely 
on instruction and private flying. Here 
the charter potential was deemed suffi- 
cient so that a special four-page folder 
was devoted to this activity and sight- 
seeing. A third piece was developed 
covering shop services for current and 
prospective aircraft owners. And a 
fourth was produced for periodic list- 
ing of used aircraft for sale. In addi- 
(Tum to page 142) 
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CAA Work Plan Settled 

Big’ fuss over CAA'- proposal to ob- 
tain a strong stock of war-surplus parts 
and tlo its own repair work on lloet of 
231 war-surplus airplanes, instead of 
contracting* the work to service industry, 
was finally compromised in Congress. 

CAA had planned to set up three 
parts warehouses and open its own 
shops, and had asked Congress for 
$2,000, U00 for the purpose. Aeronautical 
Training Society, Aircraft Industrie.- 
Assn., Air Transport Assn.. As-n. of 
Airport Executives. SATA. XAA, and 
other groups immediately objected, 
charging Government competition. 

Rep. Jennings Randolph offered an 
amendment to the Commerce Depart- 


ment'- I!I4? appropriation bill, which 
included the CAA request, requiring 
CAA to contract all jobs over $.100, 
scaling down the $2, 000, 000-request, and 
limiting parts warehouses to one in- 
stead of three. The House passed it, 
but the Senate bill would have per- 
mitted CAA to do all its own repairs, 
exeept jobs for which it would have to 
obtain more than $1110 worth of parts 
outside of its own stockpile. 

Opposition continued, and the Senate- 
House conference committee, pulling the 
two bills together, finally limits CAA 
to one major storage base, reduces the 
appropriation to $1,593,000, and permits 
CAA to do its own repair jobs up to 
$200. Above that figure, jobs must be 
let by bid to private contractors. 


First Region — Pittsburgh has eleven 
floatplane bases. With little flat country 
for airports, private owners and opera- 
tors are turning to smooth rivers. . . . 
Merrimac Valley Air Service, Lowell, 
Mass., has built seaplane base. ... Ed 
Burns, has opened seaplane base at 
Stamford, Conn. . . . Bob Tinay, ex-Navy 
pilot and veteran seaplane operator, is 
opening base at Clark's Cove, New Bed- 
ford. .Mass. . . . Sail-Air. headed by 
Robert W. Tucker, has opened seaplane 
base at Folly Landing, Cowassett, Near 
East Greenwich, R. I. . . . N. Y.'s down- 
town seaplane bases are being opened 
again, with Gulf Oil operating Wall St. 
Downtown Skyport and 23rd St. base in 
East River; Veteran Dennis Caterine is 
on Hudson River at 200th St. . . . Agri- 
culture Dept, will resume aerial map- 
ping contracts with private operators 
later this year. About 20 firms con- 
tracted tor the work before the war and 
most of them have announced intention 
to resume the work. , . . Regional offices 
of the CAA are now authorized to award 
final approvals to flying schools, repair 
stations, ground schools, mechanic 
schools, and parachute rigging schools 
without approval from Washington. . . . 
A hill exempting aerial taxi operators of 
aircraft accommodating less than ten 
passengers including pilot from the 15% 
transportation tax has been introduced 
by Senator Warren G. Magnnson (D. 
Wash.). . . . According to Aero Insur- 
ance Underwriters farmer pilots should 
not try crop dusting, instead should 
leave it to the professionals. . . . New 
Bedford Aviation, Inc., now opening air- 
port service at South Dartmouth, Mass., 
will sell and service Piper Cubs, Repub- 
lic Seabees. and Edo floats. Also 
provided is charter service, flight in- 
struction. sight-seeing flights, and aerial 


MISSOURI'S MODEL AIRPARK 






Answer; ‘’Customer goodwill and local 
newspaper advertising have gone bund 
in band — we've used consistent news- 
paper advertising to get prospects’ at- 
tention, then retained iheir goodwill bv 


.. .... airport ts^of sui- 
. local km cm a secondary road 


Second Region- — Announcement comes 
that Miami's All-American Air Maneu- 
vers of 1947 will be held Jan. 10-12. 
Exhibition of aviation products known 
as "Aviation of Tomorrow" will be held 
•Ian. 6-16 in Miami auditorium in Bay- 
front Park. . . . Wm. T. Piper, pres.. 
Piper Aircraft Corp., recently spoke at 
luncheon of Columbia (S. C.) Aero Club 
on responsibilities of public, pilots, and 
mnnulncturers in new era of private 
flying, stressing necessity for more land- 
ing strips and small airports located 
near towns and small cities. . , . Bev- 
erly Howard, pres, of Hawthorne Flying 
Service, chain of four airports in South- 
east, was awarded first prize of $5,000 
by Andrew J. Haire, publisher of "Air- 
ports," for best all-around improvement 
and efficient operation of small airports. 
... An air "practice teaching" project 
to develop better flight instruction 
methods and a code for measuring qual- 
ity of such instruction, is being con- 
ducted at University of Tennessee un- 
der CAA auspices. ... A pack of 55 
racing greyhounds was flown 1,200 mi. 
from Miami to New York in 8 hr. and 35 
min. in a Douglas C-47 chartered by 
their owners from Universal Airlines. 
The dogs, confined in 15 wood and wire 
net orates secured to floor of aircraft's 


[ ATION. August, 


AVIATION SaSStflBOMSS 


CONDUCTED BY FRANK ROCKETT 


An Evaluation 

Of Hyperbolic Radio Avigation 


Presenting a comparison of ranges and of geometric and timing accu- 
racies of loran, gee, and just-released decca systems. 


R adio avigation services cun pro- 
vide worldwide facilities that- will 
be less subject to interference by 
weather than celestial or terrestrial navi- 
gation. The only question is which of 
the several systems that have been de- 
veloped, or combination of systems, I" 
adopt as standard. Recently-released 
information on the two British tech- 
niques of gee and decca, plus already 
published data on American loran, en- 
able us to evaluate the sevoral systems. 

For regularly scheduled long distance 
flights a means of avigation that per- 
mits the pilot to fly the air cuiTent- 
is needed. For this type of long dis- 
tance Hying, radio beams are inadequate. 
However, hyperbolic radio lines of po- 
sition, because they provide a distinct 
coordinate system comparable to the co- 
ordinates of latitude and longitude, con- 
stitute the required type of system. 

Foremost advantage of these radio 
coordinates over terrestrial coordinate- 
is that they are physically real, not just 
arbitrary lines on maps that must lie 
indirectly inferred from celestial or 
terrestrial oliservations which can be 
hampered by weather. By means of 
radio receivers the radio coordinates can 
be "felt” and followed at all times. 

The five systems described in Table 1 

shown in Fig. 1. they all generate hyper- 
bolic coordinates. Their geometric ac- 
curacies (that is, the accuracy with which 
one can locate a point on a map once 
the proper lines of positiou have been 
determined— it is dependent upon the 
spacing between lines of position of a 
family* and upon the angle of cut be- 
tween pairs of families) are determined 
by the length and orientation oi their 
base lines. Although decen is the only 
system currently using automatically 
indicating meters which function with- 
out attention from an avigator, all sys- 
tems can be engineered to operate similar 
instruments at both the pilot's and the 
avigator's positions with very little ad- 
ditional bulk and weight, and will prob- 
ably be so modified for commercial use. 
Airborne receivers for each system can 


lie constructed within a 30-lh. limit. 

The basic principle on which the 
hyperbolic systems operate is the meas- 
urement at the airplane of the time dif- 
ference between the arrival of several 
signals that were transmitted simul- 
taneously from different transmitters of 
accurately known locations. In all forms 
of loran and ill gee the signal is a regu- 
larly repeated pulse; in decca it is n 


distinctions between the several systems 
wonld require going needlessly into their 
methods of operation. Here we are pri- 
marily concerned with the avigational 
services that each system can provide. 

With gee and decca, only one observa- 
tion is necessary because each master 
transmitter operates two slaves, as 
shown in Fig. 1 A ; the signals from both 
slaves can be compared to the master 
(Turn to page 149) 
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Profits Balanced 
By Reconversion Costs 

PART II 

By RAYMOND L. HOADLEY, Financial editar, "Aviation" 

Concluding his study of manufacturers' profit-or-loss possibilities this 
year, our financial analyst swings west to check the financial positions 
of major airframe producers on the Pacific Coast. 


est coast plane manufacturers 
won’t have much in the way of 
profits to report to stockholders 
at the year-end. Yet the folks in the 
front offices don’t call it a gloomy out- 
look for they all expect to show much 
larger earning power in 1947. 

Some companies will show earnings 
in 1946 although they will be smaller' 
than in recent years. Some, perhaps the 
majority, will about break even while 
others already know that this year’s op- 
erations will end up in the red. 

Lockheed happens to be one of those 
likely to show a profit, the main reason 
being that this was one of the first of 
our plane makers to get squared off into 
commercial production after V-J Day. 
Today the company’s war business has 
been completely terminated and its 
$175,000,000 wartime credit arrange- 
ment cancelled. 

Furthermore, Lockheed has its finan- 
cial affairs in apple pie order to meet 
all peacetime requirements. Working 
capital stands at $42,600,000 and bank 
credits of $40,000,000 are available if 
needed for such purposes as the esti- 
mated $10,000,000 capital expenditures 

And, incidentally, financial vice-presi- 
dent C. A. Barker, Jr. takes a good deal 
of satisfaction in the fact that plant and 
equipment costing $30,000,000 are now 
written off so that today all facilities, 
emergency or non-emergency, are car- 
ried on the books at less than $4,000,000. 

Lockheed officials venture no guesses 
on 1946 results except to say they will 
be “in the black.” As a matter of fact, 
Lockheed could show quite sizable 
profits but the management has chosen 
the conservative course and plans to 


ment expense against earnings. 

In the matter of dividends too, Lock- 
heed leans to the conservative side. 
Quarterly 50( dividends have been paid 
for some little time back. However divi- 
dend action will not be taken in the 
current quarter. Rather, directors will 
wait until late in the year before decid- 
ing how much more to disburse in 1946. 
Even though total payments for the year 
may come up to the usual $2 a share, 
Pres. Robert Gross doesn’t want stock- 
holders to assume the concern is on a 
regular 50f quarterly basis. 

Unfilled orders total $230,000,000 
with new orders, so far this year, keep- 
ing pace with deliveries. Lockheed never 
had anv military business before the 
war. Now, however, its government 
orders stand at $155,000,000 and in- 
clude the P-80 Shooting Star jet. fighter 
with deliveries running to March, 1948. 
And company officials feel this famous 
plane has lots more "stretch” left in it. 

Other government orders include a 
large one for the P2V Neptune— said 
to have the longest range of any plane 
yet built — and an order for two double- 
deck Constitutions, costing $10,000,000 
apiece. 

In the commercial field Lockheed has 
the Constellation and the Saturn, the 
latter a ncwly-announced fecderliner 
(see page 93). Some 70-odd Constel- 
lations will be delivered to various air- 
lines this year while production on the 
Saturn is scheduled to start early next 
year. An intensive effort will be made 
to sell this plane to Latin America and 
other export markets. 

Rising costs should not be the head- 
ache for Lockheed it is bound to be for 


some reconverting firms. All govern- 
ment contracts provide for rising costs, 
and prices of commercial planes have 
been upped in line with higher costs of 
labor and materials. The Constellation, 
for example, now costs $810,000 against 
$875,000 when civilian production was 
resumed. 

Douglas Aircraft started off the cur- 
rent year with a bang, earning $1.85 
a share in the first quarter. These re- 
sults, however, are a bit deceptive as 
company officials expect they will about 
break even on the full year’s operations. 
Douglas has adopted the conservative 
policy of charging against profits all 
production costs of aircraft to be de- 
livered this year. That means there will 
be losses in subsequent quarters that 
would not have appeared had initial pro- 
duction costs been spread over the life 
of a given model like the new DC-6. 

Unfilled orders approximate $170,- 
000,000, of which $100,000,000 is com- 
mercial volume. Military orders include 
experimental work, production of the 
giant C-74 Globemaster for the Army 
and a $50,000,000 postwar Navy order 
for dive bombers. 

In the commercial field Douglas has 
the DC-3C “Executive” plane, the DC-4 
and the DC-6 which should be in volume 
production this summer. The company 
feels there are real possibilities in the 
development of a commercial plane built 
around its XB-42 twin engine bomber 
with its motorless wings. The advan- 
tages in payload, passenger and cargo 
handling and engine servicing are 
thought to be sufficiently promising to 
warrant development of a non-military 

One of the strong points about Doug- 
las for years has been its financial posi- 
tion. Net working capital available for 

experimental work amounts to about 
$65,000,000. 

Pres. Donald Douglas is not one to 
gloss over any disturbing factors there 
may be in the outlook. Some contem- 
poraries claim he is prone to over-em- 
phasize the dark side of things. Perhaps 
this is because Douglas always main- 
tains its prime position in the industry 
no matter how disturbed its head may 
be over the problems with which he has 
to wrestle. 

At the annual meeting this year he 
observed that our commercial airlines 
were rapidly getting “over-seated”. A 
single plane of the DC-6 type, he pointed 
out, can carry as many passengers be- 
tween distant points in a month as a 
(Turn to page 146) 
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Prolong the life of your ball 
and roller bearings with 
these quality Gulf greases: 

Gulf Anti-Friction Grease 

FOR MODERATE AND HEAVY DUTY SERVICE 

Gulf Precision Grease 



FOR LIGHTER DUTY AND HIGHER SPEEDS This machine, developed by Gulf technologists to 
evaluate the useful life of greases in lubricating ball 
and roller bearings, furnishes additional evidence of 
better lubrication with Gulf Anti-Friction Grease 
and Gulf Precision Grease. 


B OTH laboratory tests and maintenance rec- 
ords in hundreds of plants prove that Gulf 
Anti-Friction Greases and Gulf Precision Greases 
are superior lubricants for anti-friction bearings. 
They have greater stability, a high melting point, 
maximum resistance to separation, and show 
minimum change in consistency in service. 

Gulf-developed methods of compounding, em- 
ploying special high-pressure kettles and mixing 


methods, produce these greases with a relatively 
smooth, nonfibrous texture. 

Both of these superior anti-friction bearing 
lubricants are available in a broad range of 
N.L.G.I. consistencies. Call in a Gulf Lubrication 
Service Engineer today and ask him to recom- 
mend the proper type and grade for your every 
requirement. Or send the coupon below for fur- 
ther information. 


Gulf Oil Corporation • Gulf Refining Company 
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'All There Is In Bearings” 
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TIMKEN ROLLER BEARINGS 


Modern aircraft, like ail forms of American transportation, 
is one of the seven wonders of the world. Aircraft engi- 
neers specify Timken Bearings because this advanced pro- 
duct delivers matchless performance. Because of design, 
metallurgy, compactness, light weight, economy, radial and 
thrust load carrying capacity an 
features, Timken Bearings are 
planes. Timken Bearings are u 
branches of industry because in 
that dependable performance which meets present-day n 
quirements. Manufacturers throughout the nation have 
proved time and time again that the use of Timken 
Bearings means dependability under the toughest 
conditions. It will pay you to sec that every bearing 
you use is stamped with the trade-mark "TIMKEN". 
The Timken Roller Bearing Company, Canton 6, Ohio. 


d many other outstanding 
used in all types of air- 
niversally specified in all 
n Timken Bearings us 


TIMKEN BEARINGS, TIMKEN ALLOY STEELS AND TUBING AND TIMKEN REMOVABLE ROCK BITS 
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THE NORTHROP XB-35 
FLYING WING SUPERBOMBER 


By JOHN K. NORTHROP, President, Northrop Aircraft, Inc. 



Pint Northrop hying, wing venture, originally conceived in 1923 and how n in 1929 . Note that 


W hen the XB-35 “All Wing” 
Army bomber flew for the first 
time the morning of June 25, 
1946, it represented substantial progress 
in the development of this type of air- 
craft from the time the first Northrop 
“wing” of 30-ft. span was flown in 1929, 
to the 176-ft. span and 100-ton sire of 
the present 12,000 lip. super-bomber. 
And we believe the flight of the XB-35 
gives the American aircraft industry a 
clear claim to leadership in the current 
international race to develop “flying 
wing” type aircraft. 

In discussing the “wing” or “all wing" 
type airplane it is important that we 
clearly state our terms. What do we 
mean by an “all wing” airplane? And 
why arc we building airplanes of as 
nearly pure wing form as is practicable? 

By all wing we mean an airplane in 
which all necessary functions of flight 
stability and control, and all other use- 
ful functions are accomplished without 
employment of any non-lifting surfaces 
or bodies external to the wing contour, 
and it is obvious that a wing must be 
more efficient than a wing plus fuselage, 
tail surfaces, etc. 

The flying wing or tailless type air- 
plane is not necessarily an all wing 
airplane. The history of the aviation in- 
dustry is replete with examples of the 
toilless plane, such as the Burgess-Dunn, 
Hill, Lippisch, etc. These have usually 
incorporated a fuselage with auxiliary 
control surfaces separate from the wing. 
A more modern example of such a plane 
is the German Me-163, in which the 
horizontal tail surface is eliminated 
through use of a sweptback wing 
mounted on a stubby fuselage with ver- 
tical fin and rudder. A very close ap- 
proach to the true all wing airplane was 
achieved in Germany by the Horten 
brothers ns shown by the article begin- 
ning on page 65. In their designs an 
effort was made to fully enclose the 
pilot and engine within the wing con- 
tour, as has been the Northrop goal 


from the inception of the all wing pro- 
gram in 1923. 

While we have never yet succeeded in 
building a “pure” wing, inasmuch as 
there have always been such unavoidable 
protuberances ns propeller shaft hous- 
ings, gun turrets, etc., still the XB-35 
does closely approach the all wing ideal 
in that it has no fuselage whatever, no 
external control surfaces other than 
those which are incorporated within the 
wing itself, and no engine nacelles, the 
engines being completely submerged 
within the wing. 

Development of the XB-35 design re- 
sulted from our effort to produce a very 


heavy bomber of superior performance. 
And our continuing objective is to build 
the most efficient airplane for any given 
purpose. In previous articles (Avia- 
tion, March 29, 1930 and December 
1941) the author lias outlined in con- 
siderable detail the factors which favor 
development of the all wing type air- 
plane, especially for large load carrying 
aircraft. For many purposes it seems 
inevitable that an unbiased design study 
will prove that the all wing plane is the 
best solution to the problem. 

In the past there have been serious 
stability and control difficulties inherent 
in development of the wing type nir- 
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craft which have so discouraged some 
designers as to induce them to solve the 
problem in a more conventional way. 
Yet the ideal of the true wing airplane, 
in which all non-lifting elements are 
suppressed, has continued to be the goal 
of many aviation pioneers. 


A quick review of Northrop experi- 

but is rather a normal development of 
the step-by-step program carried on 
for almost 25 yr. The firs! Northrop all 
wing airplane was conceived in J923 
and flown in 1929. Although it in- 
corporated conventional controls its 
family resemblance to the XB-35 is 
otherwise strong. The pilot and en- 
gine were housed almost completely 
within the wing, which featured sweep- 
back, a radical degree of taper, and an 
unusually thick center section. Taper 


II tills si 


d pic- 


turesque Lake Arrowhead, Jack Is 
rop spurned rest and sun tan to write 
this article in longhand during the 
July 4th holiday. AVIATION'S cor- 
respondent picked up the completed 
manuscript on the following day to 
rush it to Los Angelos for transcrip- 
tion and transmission to New York. 
The author shared our eagerness to 
catch our deadline because it has been 
our privilege to present his views when- 
ever a milestone was passed in flying 
wing development, as exemplified by 
his previous articles in AVIATION for 
March 29, 1930 and December, 1941. 

The 1930 article was written more 
than a year after the test flights of 
the 1928 machine; this one was writ- 
ten a little over n week after the first 


flight of the XB-35. 

Because of his supreme modesty, no 
mention is made in the article of the 
author’s lifetime of contributions to 
aircraft design. His genius is unique 
in aeronautical engineering. Perhaps 
no other designer in this field has 
played such a vital part in such a 
wide range of aviation developments. 
Associated with Allan Lockheed in the 
early days of post-World War I air- 
craft design. Jack Northrop is credited 
with detailed design of the famous 
Lockheed Vega, first successful com- 
mercial plane with monocoque fuselage. 
Through later association with United 
Aircraft and Douglas he participated in 
the design development of a whole family 

All modern stressed-skin metal air- 
planes follow his pioneering work on 
the 1928-30 Northrop Plying Wing, 
which was of smooth stressod-skin 
multi cellular construction. His Alpha, 
Beta, Gamma, Delta, and A-17 all 
proved the stressed skin structure in 
notable speed and long range flights 
throughout the world. 

Often accused of being a “nut” on 
flying wings, Northrop’s record proves 
otherwise. Not only were the Alpha 
through Delta aircraft of conventional 
typu, but his wartime operations were 
largely devoted to the N3PB seaplane 
and the P-tll night fighter of eonven- 


Willi development of the all wing 
plane which eliminates external con- 
trol surfaces, Northrop has achieved 
a goal long sought by engineers— and 
at the same time he has made other 
radical and revolutionary contributions. 
In the field of control, for example, he 
perfected the “elevou"; he was first 
to apply the split trailing edge flap 
to modern pianos and demonstrate its 
practicability; he developed the re- 
tractable aileron and full-span flap. In 
the field of structures he has been out- 
standing in perfection of the multi- 
cellular stressed skin construction; he 
pioneered the use of spot welding for 
structural parts; and was first to de- 
sign an all-uiagnesium plane. 

Now, with the successful flights of 
the XB-35, the world of flight finds 
daring new advances within its grasp. 
Some observers believe, on the basis of 
known XB-35 performance, that we 
will soon see 100-passcnger transport 
planes cruising at 500 inph., that we 
will have wing type freight planes cap- 
able of cutting present ton-mile costs 
in half; that we are on the threshold 
of that inevitable era in which bomb- 
ing plane will be able to take off from 
any spot in the world, bomb any other 
spot, and return to its starting point 
nonstop. Even now it is theoretically 
possible for the XB-35 to fly a small 
bomb load to any part of Europe and 
return to the U. S. nonstop. The XB- 
35 should even be capable of a “flight 
around the pole” nonstop from a point 
in the U. S. and return, which would 
be the first nonstop “around the world” 
flight and would literally stop the clock 
and successfully race the sun if the 
direction was from east to west. Fly- 
ing from west to cast tlio XB-35 is eas- 
ily capable of taking off from New 
York, fly over Moscow and continue 
nonstop to Alaska. 

The all wing plane gives promise of 
greatest range, greatest load carrying 
ability, and highest speed in the super- 
sonic range. And America now clearly 
leads in the race to develop the all- 
wing plane because of the personal 
genius of her outstanding pioneer in 
this field, John K. Northrop. -77 m A’./i 


wing section thickness at the root was 
about one third Ihe chord. On the 
\ H 35 the lajier ratio is approximately 
four lo one and Ihe wing root thickness 
to chord ratio is about 20%. As with 
the XB-35, our first attempt at- an all 
wing plane was driven by a pusher pro- 
peller through an extension shaft, and 
was an all metal airplane incorporating 
stressed-skin structure. 

In 1939 the present Northrop Air- 
craft, Inc., was formed and design 
started at- once on the N1M, the first 
true all wing airplane, which was flown 
in July, 1940. The NIA1 had two en- 
gines completely submerged in Ihe wing 
with the pilot’s compartment located 
between them. No external stabilizing 

only departure from Ihe all wing ideal 
was in the use of small propeller shaft 
housings. This plane made more than 
200 successful flights and served as a 
highly effective flying laboratory for 
determining the variable effect of 
changes in sweepback, dihedral, CG po- 
sition and control surface configura- 
tion. Two 05-hp. Lycoming engines 
were first used in the N1M and later ex- 
changed for two 120 hp. Franklins. 
Span of the N1M was 38 ft., length 17 
ft., wing area 300 sq. ft, wing taper 
from a root chord of 168 in. to 24 in. 
at the tip, with maximum thickness of 
the wing 36 in. As development of this 
airplane progressed it was found pos- 
sible to substitute straight wing tips for 
the drooped tips originally incorporated, 
without loss of stability. 

The Northrop N2M carried the Army 
designation XP-56, and was an experi- 
mental single seat fighter with a small 
fuselage mounted on a swept-back wing. 
Although this plane was tailless and 
termed a flying wing, it did not ap- 
proach the all wing ideal as it employed 
a fuselage with a rather large vertical 
stabilizer mounted at the rear, just for- 
ward of the co-axial contra-rotating 
pusher propeller. The vertical lin sur- 
face was needed to stabilize the fuselage, 
a substantial portion of which extended 
ahead of the CG. The R-2800 air cooled 
engine was submerged in the fuselage 
behind the pilot’s cockpit. 

This plane was something of a mile- 
stone itself as it is believed to have been 
tlie first welded all-magnesium airplane 
ever built. It also incorporated a novel 
rudder control which made use of air 
bellows to operate wingtip split llnps 
for directional control. This control 
method gave low rudder pedal forces 
and was quite satisfactory. Control of 
the split flap bellows was achieved liy 
valving air to or from the bellows by 
means of wingtip venturis. Two of 
these planes were built. 

Meanwhile, in September 1941, suc- 
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cess of Ihe N1M flight program had 
been culled to the attention of the Army 
Air Forces. General H. H. "Hap” Ar- 
nold. Ass’t. Seety. of War Robert 
Lovett, and Maj. Gen. Oliver P. Echols 
were among those who had the foresight 
to recognize the possible impact of all 
wing type aircraft on future aerial tac- 
tics and to suggest that we study the 
possibility of development of long range 
bombardment aircraft incorporating 
these principles. Three months Inter 
Northrop Aircraft submitted prelimi- 
nary layouts and performance dala on 
such a design and a contract for two 
experimental aircraft, designated XB- 
35. was awarded ill 1942. 

To provide scale model flight research 
data four N9M models of 60-ft. span 
were built and flown. These planes du- 
plicated, as nearly as possible, the flight 
eliaractoristics of the XB-35. The first 
three of the N9M’s were powered with 
two 275-kp. Menasco engines each, while 
the fourth, designated N9M-B, was pow- 
ered with two 300-hp. Franklin engines. 
Hundreds of hours of flight testing were 
recorded on the N9M’s. Although llicy 
were little more Hum onc-Hiird the size 
of the projected XB-35 in every com- 
parable dimension, the N9M’s, with a 
weight ..f 7,100 II)., were only one 
twenty-third as heavy as (lie XB-35. 

Following development of the XP-56 
an experimental contract was awarded 
fora high speed Iwin jet pursuit of wing 
type with the pilot to be carried ill a 
prone position. A flying mock-np glider 
was designed, known simply as Project 
12, and three were built and flown, fol- 
lowed by the full scale jet fighter, the 
welded all magnesium XP-79 “Flying 
Ram”. Further development of this 
project was delayed by the end of the 
war but is now progressing. With a top 
speed of more than 500 mph. this fighter 
showed great promise. As in the XP-56 
air bellows-operated split flap wingtip 
rudders were used for directional con- 
trol. Two vertical fins were mounted 
on the jet center lines near the wing 
trailing edge to provide directional sta- 
bility. However, a single fin of smaller 
dimensions was planned for later instal- 

Adaptatiou of the Northrop wing de- 
sign to various military uses, prior to 
flight testing the XB-35 bomber, included 
the design, testing, and manufacture of 
a series of flying wing buzzbombs. First 
of these was a twin jet type with a single 
vertical stabilizing fin. A later version 
was of much cleaner design, enclosing 
the war-head within the wing and in- 
corporating a single jet unit of the Ger- 
man resonance-jet type. Many of these 
missiles were built and test flown, 
though none saw combat. Development 
of jet propelled wing weapons, proto- 



lypes for future missiles of longer range 
and higher speed completed the North- 
rop engineering program on all wing 
aircraft leading up to the successful 
flight of the XB-35. 

Our engineering staff now has literally 
millions of man-hours of all wing de- 
sign experience, and our test pilots have 
amassed many hundreds of hours of 
wing flight time. Even so, in evaluating 


Ihe XB-35 we should bear in mind that 
it is the first all wing big bomber and 
is by all odds the most radical large 
ail-plane yet flown. While the first 
flights of the XB-35 have been almost 
phenomenally successful, even conven- 
tional large airplanes have frequently 
experienced prototype difficulties, which 
should not be considered discouraging if 
encountered in the prototype XB-35. 
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Since the XB-35 represents a signifi- 
cant milepost in bomber development 
we may well seek to define at this point 
the current outlook for further develop- 
ment and application of the all wing 
design. 

We do not think that the wing type 
is limited exclusively to very large air- 
planes. Special applications such as 
the X P-7!) prone-pilot fighter, and the 
JB-1A type jet bomb, show that the 
tailless wing, very nearly in its “pure” 
form, may be adapted to sonic very 
small aircraft. For passenger carrying 
airplanes we believe a weight bracket 
of roughly 50,000 to 500,000 lb. can he 
established, within which we expect to 
see all wing bombers and transports de- 
veloped. 

Whether commercial air transport 
planes weighing 500,000 lb. or more 
will ever be economically sound we do 
not now know, but engineering studies 
indicate that we can build planes of such 
size without serious structural penalty. 
There is, of course, no known aerody- 
namic penalty connected with increased 

As for speed, all our research to date 
indicates that the all wing type aircraft 
suffers less than conventional types from 
the shock effect encountered in the trans- 
sonic speed range. We believe that the 
wing type is suitable for development 
in the transsonic and supersonic speed 
ranges, and that its upper speed limit, 
in certain configurations, will be greater 
than that of more conventional air- 
craft. 

Certain radical developments, such ns 
the Navy’s XF5U-1 Chance ''ought 
“Flying Pancake” (detailed on page 
52) have resulted in the conjecture 
that a marked change in the form of 


future flying wings, away from present 
configurations, may be expected. We 
do not anticipate auy such change in 
connection with planes designed for 
optimum aerodynamic efficiency. It is 
likely that proportional wing thickness 
will be substantially reduced as speeds 
go higher, resulting in relatively greater 
wing ehord, with which may come re- 
duced aspect ratio and increased sweep- 
hack. But we do not expect to see sub- 
stantial variation from our present pat- 
tern within the next few years. 

There is strong evidence that the wing 
type will find its greatest application as 
a carrier of air freight. The ability to 
dispose loads spanwisc through the wing 
is efficient both structurally and opera- 
tionally. A number of doors in the 
lower wing surface would provide easier 
access to all cargo compartments and 



Army designation XP-56, and is first welded 


therefore more rapid loading and un- 
loading than is possible on conventional 
aircraft. And the freight plane can be 
built without such protuberances as 
gun turrets and gun sighting stations, 
thus greatly increasing over-all effi- 
ciency. 

There is a tendency to discount the 
adaptability of the wing type to pas- 
senger carrying because of the necessity 
of locating the cabin within the central 
portion of the wing, where the pas- 
sengers might object to being “cooped 
up”. Actually there are a number of 
advantages in the all wing type as a 
passenger carrier. A slight bulging of 
the lower wing surface would provide 
generous side and downward window 



area. And it will be relatively simple 
to give most of the passengers good 
forward vision directly ahead which is 
quite impossible in conventional air- 
craft. 

Actually it has been fully demon- 
strated that, except for first timers, most 
passengers would rather play cards, rend 
a book, or look at a movie than look out 
the window in flight. In the “all wing” 
type plane the large rectangular central 
cabin lends itself ideally to showing of 
motion pictures in flight ; to easy group- 
ing of passengers for cards or meals, 
and to ease of movement and a sense of 
spaciousness generally lacking in more 
conventional aircraft. 

In the XB-35 it has been necessary 
to make many compromises with the 
ideal and to accept many structural and 
aerodynamic penalties because of the 
tactical nature of the aircraft. Provi- 
sion of gun turrets, of eight large open 
bomb bays, and the large pressurized 
crew compartment have all contributed 
weight and drag which commercial ver- 
sions of the same plane would not have. 
Installation of the submerged radial 
engines, with complex air and exhaust 
ducting systems, remote propeller 
mountings and long drive shafts all ex- 
act a heavy penalty by comparison with 
the jet units which we believe are the 
ideal powerplants for use in all wing 

The XB-35, although just flown for 
the first time, is already four years old 
from a design standpoint. Starting from 
scratch we can now design and build a 
much more efficient airplaue. For ex- 
ample, while 75S dural is currently 
superior to magnesium by a substantial 
margin for most structural purposes, 
it is likely that aircraft of still higher 
speeds will benefit through use ot thick 
skins of magnesium alloy sheeting. Such 
a surface skin can be given a smoother 
form than present sheet-stiffener com- 
binations, resulting in improved aero- 
dvuamic and structural ellicioncv. 

The present XB-35 incorporates many 
noteworthy design features. The plane 
is classified as an all-metal, full canti- 
lever tailless, four-engine bombardment 
airplane of true all wing design, with 
no exposed stabilizing or control sur- 
faces other than those incorporated 
within the form of the wing itself. Crew 
capacity is 15 men, normal crew con- 
sisting of nine and relief crew six men. 
Design weight empty is 89,000 lb., nor- 
mal gross weight is 162,000 lb., and over- 
load gross weight is 209,000 lb. Span 
of the XB-35 is 172 ft., length 53 ft., 
height 20 ft. 1 in., root chord 37(/> ft. 
and tip chord 9 ft. 4 in. Propeller 
clearance is 9 ft. 8 in. 

Power is supplied by four Pratt & 
Whitney Wasp Major radial engines, 
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one pair each of R-4360-17 and R-4360- 
21 series, each equipped with two single- 
stage General Electric turbosupercharg- 
ers, with a normal rating of 2,500 hp., 
and military rating of 3,000 hp. at un- 
specified (censored) altitude. 

Propellers are cight-bladed coaxial 
Superhydromatic Hamilton Standards 
15-ft. 4 in. diameter. Pitch can be re- 
versed for braking action to reduce land- 
ing run. Landing gear is fully retrac- 
table tricycle type with dual wheels 5 
ft. 6 in. in diameter on the main gear 
and a single wheel, 4 ft. 8 in. in di- 
ameter on the nose gear. 

Stability of the XB-35 has not been 
the problem some have imagined. Of 
course longitudinal stability of a wing 
is essentially no great problem if the 
CG is properly located with respect to 
the CL and proper airfoil sections are 
used. On the XB-35, and other wing 
type aircraft, swcepback is more a re- 
quirement of proper balance than of 
stability. Allowable shift of CG on 
I he XB-35 is surprisingly large. One 
serious longitudinal stability problem 
of all swcptback wings is their tendency 
In stall at the tips first at high angles 
of attack, thus further aggravating the 
stall by inducing a nose-up effect. 

This is eliminated on the XB-35 by 
providing tip slots with automatically 
operated doors which open when the 
speed drops below 140 mph., bringing 
the slots into action and maintaining 
lift at the tips beyond the angle at which 
the main body of the wing stalls. Stall 
tests of this device on the X9M have 
proved entirely satisfactory. 


Lateral stability of the wing results 
from I deg. of built-in dihedral and 
from the effective dihedral resulting 
from sweepback. 

Directional stability is also to a con- 
siderable degree a function of sweep- 
back, which gives a “weather-vane” ef- 
fect which would of itself be adequate 
for all practical purposes, though per- 
haps not meeting current stability 
criteria. However, without providing ver- 
tical stabilizing surfaces an ample ver- 
tical fin effect is obtained from the four 
propellers which, located well aft of 
the CG, have a directionally stabilizing 
action whether under power or wind- 
milling. Even if all propellers were 
fully feathered in a power-off glide 
there would be considerable vertical fin 
effect from the total area of the 32 
propeller blades. 

On the jet powered version of the 
XB-35 small vertical fins will be pro- 
vided at the trailing edge to give the 
degree of directional stability to which 
the pilot is accustomed. Actually, with 
two engines out on the same side, the 
XB-35 will stabilize itself in a yawed 
attitude due to the inherent directional 
stability of the sweptback wing, without 
application of corrective rudder. Such 
a flight attitude adds very little addi- 
tional drag and therefore is practical 
only on this type aircraft. 

Flight controls on the XB-35 arc built 
into the wing trailing edge. Trim flaps 
are mounted outboard of the elevons 
at the wingtips, and are used to trim 
the plane longitudinally. Rudders, of 
split flap type, are mounted on the trim 


flaps and are power-operated to provide 
drag as required for directional con- 
trol. The elevons, inboard of the trim 
flaps, arc. actuated together for elevator 
effect and differentially for aileron ac- 
tion. Incidentally, the term “elevon” 
was originally coined in the Northrop 
engineering department and applied to 
the original all wing N1M airplane. 

Landing flaps occupy the inboard sec- 
tion of the trailing edge. The pitching 
moment they impose is counteracted by 
the trim flaps at the wing tips, the tip 
flaps moving up as the landing flaps 
are lowered. While it is not currently 
possible to obtain as high a trimmed 
CLraax on the XB-35 as on a conven- 
tional airplaue, the minimum drag is 
so much less than conventional that the 
ratio of CLmax/CDmin is improved by 
about 50%. Further research on the 
use of lift devices of various types, as 
applied to the all wing airplane, shows 
considerable promise. 

An important feature of XB-35 con- 
trol is the 100% hydraulic boost. The 
pilot works against an artificial pneu- 
matic loading system which gives him 
a senle of speed and acceleration and 
prevents him from overloading the air- 
plane stucturally. An electric standby 
control system is provided in event of 
hydraulic failure. The hydraulic sys- 
tem is of medium high pressure type — 
approximately 2,000-lb. pressure — and 
employs 92 hp. from the main power 
supply to operate the eight hydraulic 
pumps. 

The electrical system is of the 400-cy- 
cle, three-phase, 208-v. variety, one of 
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First o t three XB-3S's under construction, showing wing profile of tip, and area aft of rear spar 


this type craft ore discussed in accompany- 


lending edge section. The inner wing 
section, extending from the crew nacelle 
to outboard of the engines, incorporates 
two main spars with the upper surface 
of the wing stabilized by hat section 
75S stringers. The under surface of the 
inner wing section is almost completely 
open between the front and rear spars, 
with roll-away doors for the four bomb 
hays on each side of the crew compart- 
ment. The nose portion of the wing, 
forward of the front spar, acts as the 
lorqne section. The outboard wing 
section also incorporates two main spar 
members but is otherwise semi-mono- 
eoque with upper and lower surface 
skin stabilized by hat section 75S 
stringers. 

Inboard engines arc mounted for- 
ward of the front spar, in the leading 
edge section, and drive their propellers 
through a three-section drive shaft, 
each section being about S ft. long. 
Outboard engines are located between 
front and rear spars and drive their 
propellers through two-section shafts, all 
shafts turning at engine speed. Pro- 
peller speed reduction is handled in the 
propeller gear boxes, on which the pro- 
pellers are mounted. The shafts and 
gear boxes were engineered, developed 
and tested by Pratt i& Whitney. The 
complete propeller and drive system 
units were given further extensive test- 
ing by our own engineers on a test stand 
simulating the engine section of the 
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mounted on cantilever structural mem- 
bers which extend back from the rear 
wing spar. 

Mounting the engines within the wing 
complicates the problem of handling 
cooling air for various powerplant ele- 
ments. In order to reduce the size and 
complexity of the various ducts required 
for engine cooling, oil coolers, intercool- 
er's, carburetor air intake, etc., we have 
provided a single "plenum chamber" in 
the leading edge of each half of the 
wing. We believe this is the first time 
that a plenum chamber has been applied 
to aircraft design. The result is a sin- 
gle compartment under considerable ram 
pressure, in the walls of which arc in- 
stalled oil coolers, inter-coolers and other 
similar cooling elements. Installation 
of jet power units will greatly simplify 
problems of air ducting met on this 
prototype plane. 

Plight test instrumentation on our 
first XB-35 is most comprehensive. Au- 
tomatic recording devices take a perma- 
nent record of all significant flight and 
engine instrument readings throughout 
the test program. In addition, on the 
first flight and during the early phases 
of flight testing, instrument readings 
have been transmitted by television from 
the XB-35 in flight to an accompanying 
P-61 plane. This is believed to be the 
first air-to-air television transmission 
of such data. 

When the XB-35 made its first flight 
the crew was already thoroughly experi- 
enced, both in XB-35 operation and in 
personal teamwork. The pilot, Max 
Stanley, has had extensive dying ex- 
perience ill large transport aircraft and 
is among the lop two or three men in 



the U. S. in total flying wing time. 
Fred Charles Bretcher, copilot, has had 
hundreds of hours of flying time on 
Army B-29’s and B-32's, plus a fa- 
miliarization program on the N9M wing. 
Orva H. Douglas, flight engineer, de- 
signed and operated our engine test 
stand, and had personally given each 
Wasp Major engine about 150 hr. of 
run-in time which simulated XB-35 
flight operation. All three of these men 
spent many hours in taxi tests of the 
XB-35, including a number of high 
speed taxi runs prior to take-off, reach- 
ing a speed of 115 mph. during this 
period of checking engines, propellers, 
brakes, controls and instruments. 

A great team of technical experts has 
contributed to the success of the XB-35, 
but among those who have been closest 
to the project are: Dr. Theodore von 
Karinan, aerodynamic consultant; Dr. 
W. R. Sears, until recently Northrop 
chief of aerodynamics: Irvin L. Ash- 
kenas, now chief of aerodynamics; War- 
ren Knieriem, project engineer; W. J. 
Ceruy, director of engineering; A. M. 
Schwartz, chief of structures; and Carle- 
Ion Bates, engineering ami flight Lest ro- 
ll. would have been impossible for 


Northrop’s limited enginering staff to 
have completed the XB-35 project 
within the time allotted without the ex- 
tensive help of both the Glenn L. Mar- 
tin Co., and the Otis Elevator Co., 
who contributed the services of hun- 
dreds of technical experts and design 
engineers and many thousands of man- 
hours to the project. 

Although the XB-35 is by far the larg- 
est all wing airplane ever flown there 
are many indications that a worldwide 
race is already on to develop aircraft of 
all wing type with all possible dis- 
patch. We now know that publication 
of information concerning the Northrop 
N1M all wing plane revived and greatly 
stimulated German interest in such types 
during the war years. Much of the 
German flying wing research has, of 
course, been made available to engineers 
of the U. S., Great Britain, and Russia, 
and it lias been most helpful and en- 
couraging. We know that the British 
are now going all-out for flying wing 
development and that American inter- 
est in the subject is now by no means 
ecu lined In Northrop Aircraft, Inc. The 

lotion in the field of heavy aircraft 
design. 
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S tudy of the new Vought XF5U-1 
circular-type flying wing lighter 
reveals that this craft holds much 
promise in increasing the utility of high 
speed planes as regards top speed and 
low speed ratio — bringing into focus the 
possibility of further designs which may 
combine supersonic speeds with the 
ability to hover, or even land, in 'copter 
fashion. 

The XF5U-l’s speed range is said to 
lie 40 to 420 mph. with standard power 
plants, 20 to 460 mph. with water in- 
jection engines, and 0 to 550 with gas 
turbines installed. A phenomenal rate 

Most noteworthy characteristic is the 
craft’s ability to hover on its props. 
This is accomplished by standing the 
plane on its tail and changing blade 
pitch angle so that the props act as 
'copter rotors. These specially articu- 
lated large diameter four-blade propel- 
lers have been designed and built by 
Chance Vought. 

Power is supplied by two Pratt & 
Whitney R-2000 Twin Wasps of 1,350 
hp. each at 2,700 rpm. on takeoff. 
Mounted within the wing on either side 
of the cockpit, they drive the props at 
the wingtips through right-angle trans- 
mission systems which incorporate a 
prop reduction gear ratio of 5:1. It’s 
said that either engine can drive both 
props in event of emergency. 

Of all-metal construction, the XF5U-1 
has control surfaces located at the trail- 
ing edges of the wing. These include 
twin rudders and fins and elevon-type 
horizontal surfaces extending outboard. 
Stabilizers can be differentially con- 
trolled to act as ailerons. Conventional 
type retractable landing gear consists of 
dual main wheels folding backwards, and 
a fully swivelling tail wheel at the wing's 
extreme trailing edge. 

Pioneering research on the radical new 
design was done by Charles H. Zimmer- 
man, who first considered the idea of a 




Latest approach in all-wing philosophy is new 400-mph.-plus one-place 
Navy fighter, stated to successfully utilize hitherto bypassed low 
aspect ratio configuration. Craft's outstanding feature is novel pro- 
peller arrangement permitting hovering. 


circular wing configuration while head 
of the Stability and Control branch of 
NACA’s Langley Memorial Aero Lab. 
As theoretical acrodynamicist for the 
NACA, he was largely credited with de- 
sign of the well-known LMAL Free 
Flight Tunnel and Free Spin Tunnel. 

In 1933 Zimmerman started his ex- 
periments on low-aspect-ratio wing de- 
signs, and the results indicated that 
whereas this planform had been side- 
tracked by engineers because of its 
theoretical inefficiency, the design actu- 
ally was more efficient than conventional 
wings due to inherently greater lift and 
far lower drag. 

However, there was a decided loss of 
aerodynamic efficiency created by wing- 
tip vortices which came about ns a re- 
sult of spilling of the air from the 

to the upper surfaces. Zimmerman then 


considered utilizing oppositely turning 

their formation and making possible an 
equivalent aerodynamic aspect ratio 
reaching 4, from a geometric aspect 
ratio of but 1. He patented this idea 
in 1936, and the next year rights were 
purchased by Vought. The company also 
hired him as consulting engineer to pro- 
ceed with the project. 

Since then a great deal pf research 
has been accomplished using wind tun- 
nel, small flying models, and full-scale 
man-carrying flying models. The excep- 
tional performance revealed by these led 
to construction of the all-metal high 
speed prototype which is expected to be 
tested by the Navy next month. It's 
stated that work is proceeding on a gas 
turbine powered version in which the 
pilot will lie prone. 
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British Flying Wings 
Prepare Way for J-P Airliners 


DH and Armstrong Whitworth are projecting large all-wing trans- 
ports from data developed by testing small craft. Former company's 
test bed is Model 108 powered by Goblin turbine, while latter is Model 
52G glider. Notable is use of sharply sweptback wings. 


S UCCESSFUL DEVELOPMENT of the fly- 
ing wing in this country appears 
to have started an overseas trend 
in this vein, as is evidenced by the ap- 
pearance of the jet-propelled DH 108 
Swallow and the Armstrong Whitworth 
A.W. 52G glider. Of particular interest 
is news that both craft are actually 
piloted scale flying models that are ex- 
pected to supply data for the design of 
large all-wing jet-propelled airliners by 
their respective companies. 

DH’s Swallow has been built to pro- 
vide information pursuant to develop- 
ment of the DH 106 transport, which 
is to be a transocean craft weighing 
about 75,000 lb. and capable of cruising 
at about 550 mph. Temporary civil de- 
signation is given as Brabazon IV. In 
addition the DH Swallow will be used to 


explore compressibility phenomena. That 
the design is also being considered for 
its military applications is seen in the 
announcement that tests have included 
dogfights with a DH Mosquito fighter 
to measure the 108’s maneuverability. 

In order to get the craft flying in the 
shortest possible time, the new wing, said 
to have a 43-deg. sweepback, was fitted 
to a standard DH Vampire fighter fuse- 
lage. To this is mounted a 2,000-lb. 


thrust DH Goblin gas turbine with modi- 
fied intakes situated in the leading edges 
of the wings on cither side of the 
cockpit. 

Control surfaces consist of a sharply 
sweptback fin and rudder mounted above 
the engine nacelle, and elevon-type sur- 
faces in the wings. Wing slots extend 
along about half of the leading edges. 
The craft is all-metal and has a retracta- 
ble tricycle landing gear. The wingtips 
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DH's latest is 108 Swallow research plane , which is to supply data useful in designing an all-wing 
airliner ol about 75.000 lb. Hole slots filed 1o leading edges of wings, which are swept back 
43 deg. Cratt is lo be modifed later in order to study advantages ol wing design as regards 
compressibility. Power plant is DH Goblin II ol 2.000-lb. thrust. (Central Press photo) 


ore fitted with fixed skids, also containers 
with anti-spin parachutes. 

Armstrong Whitworth A. W. 52G 

Although not lunch information is 
available on the larger airliner which is 
to bo evolved from llic AAV. 52G, it’s 
stated that its general layout and con- 
trol system will he very much like that 
of the test glider. 

The AAV. 52G is a two-seater mostly 
of wood construction, with covering bu- 
ing metal bonded to plywood. The wing 
utilizes an NACA 65-3-2-20 section and 
has a sweephack at one quarter chord 
of 25 deg. 38 min. It contains 23 ribs 
on a single wood box spar having spruce 
webs. Leading and trailing edges are 
made of solid spruce. 

Span is 53 ft. 10 in., length 22 ft. 10 
in., height 10 ft. 10 in., wing area 443 
sq. ft., and dihedral is 50 min. 12 sec., 
taken at .41 chord. Empty weight is 
given as 4,451 lb., crew 400 111., ballast 
1,150 lb., and gross weight 6,000 lb. Top 
speed is said to he 250 mph., and stalling 
speed 55 mph. 

Of particular interest is the novel con- 
trol system which incorporates specially 
designed horizontal controls that mainly 
deal with the craft’s longitudinal sta- 
bility, also to connteraet down-pitch 
caused by lowering of Haps or elevators. 
These controls are: Correctors hinged 
behind the spar, and two pressure-bal- 
anced elevons, called controllers. The 
former are hydraulically operated, and 
the latter manually actuated. 

The controllers have a balance plate 
attached extending ahead of the pivot 
point into a pressure chamber, which L, 
divided into two sections by the balance 
plate. Three flexible rubberized fabric 
air seals arc fixed between the balance 
plate’s front edge and the front of the 
pressure chamber, and between upper 
and lower rear edges of the compartment 
anil next to the control. 

Thus, by means of ports lending from 


the chamber's upper and lower sections, 
pressures acting on either side of the 
wing and on the control surfaces are du- 
plicated on the corresponding side of the 
pressure chamber. In this manner, pres- 
sure loads on the controller are balanced 
about its hinge points. Correctors are 
hinged on the upper portions and can 
move upwards only, to counteract nose 
downward pitching. The correctors arc 
controlled by a selector lever and arc 
actuated by means of a hydraulic jack. 
It’s stated that in event of power system 
failure, manual actuation is sufficient to 
land the craft safely. 


A rudder and fin assembly is fitted to 
each wing tip to simulate the require- 
ments of a multi-engine wing that might 
have to complete its flight with one nr 
more dead engines. Landing gear is fixed 
tricycle and the nosewhecl is not steera- 
ble. 

During tests, the glider is towed up to 
about 12,000 ft., released, and the pilot 
guides it back to the airport. The flights 
are said to last about half an hour, and 
during this period, automatic test ob- 
servations are made. All instruments are 
grouped on two panels and photographi- 
cally recorded by 16-mni. movie cameras. 
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Eight types built, four projected by German brothers who tried variety 
of control systems and configurations in both gliders and powered 
craft, latter including twin-jet fighter-bomber and 60-passenger trans- 
oceanic transport. 


s was the CASE with practically 
everything aeronautical the Ger- 
mans were busy to the last on de- 
velopment of flying wings. And, as was 
the case with most of their projects, 
they didn't hesitate to try things radical 
— such ns plastic ribs and wing covering. 

Among the outstanding German ex- 
ponents of the Hying wing were the 
brothers Horten — 33-yr. old Luftwaffe 
Major Walter, and 31-yr. old Oberleu- 
tenant Ricmar. Perhaps one reason they 
were able to build eight and project 
four other types was Walter’s political- 
mindedness which kept them in good 
standing with the Air Ministry, while 
Riemar contributed most of the engi- 
neering ideas. 

The younger Horten's conviction that 
the wing was the most efficient aircraft 
far antidotes the war, however, for the 
Horten I — a glider - was built in 1931- 
32, and was test flown about 7 hr. Its 
span was 40.7 ft., area, 226 sq. ft., gross 
wt. 440 lb., and empty wt., 264 lb. It 
was a fabric-covered wood craft, with 
one control surface on each side for both 
longitudinal and lateral control. Direc- 
tional control was achieved by flaps 
above and below the leading edge sur- 
face near the tips. The craft was fairly 
successful, but didn’t satisfy the Hor- 
tens, who burned it in 1934. 

The Horten II was built during 1933 
and 4-^-ulso at Bouw — and like the I was 
of wooden construction. 

Two trailing edge surface controls 
were so linked that those outboard pri- 
marily gave lateral control and those in- 
board primarily longitudinal control. 
Because of kinematics of the linkage, 
however, sidewise movement of the con- 
trol stick gave slight displacement to 
I lie inboard surface, just as fore and aft 
stick movement slightly displaced the 
outboard surfaces. 

During the first year it was flown as 
a glider, but in 1935 an 80-hp. Hirth 
HM80R engine was installed, submerged 
in the wing and driving a pusher propel- 
ler through an extension shaft. Mean- 
while three more of the type were built 
and flown as gliders. 

Nazi military leaders took more than 
a passing interest in the craft, for in 
1938, at the request of the late Gen. 
Ernst Udet, the well-known Hanna 
Reitsch test-flew it rather thoroughly. 
Though she found plenty wrong with it, 


such ns "entry and exit — only possible 
for athletes” and “arrangement and op- 
eration of retractable undercarriage — 
only possible for long armed pilots,” she 
did report that “the aeroplane cannot 
by any sort of control movements be 
made to drop the wing or to spin. With 
Ihe control column pulled right back the 
machine pitches lightly forward and 
sinks without reaching a speed of more 
than 90 kmh. (This is a great help in 


flying through clouds if the instruments 
are iced up).” 

In 1938 the Hortens built the HI at 
Templchof, and the I1I-B was built for 
them by Pesehke Flugzeugbau, also in 
Berlin. This glider represented a growth 
in size — to 65.6-ft. span — and use of 
metal, for the center section was built 
up of welded tubes, while the outer wing 
panels were of wood. 

It represented a change in control sur- 



Horten IE 
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faces, too, for three were put in the 
trailing edge of each side of the wing. A 
little less than a third of the distance out 
from the center section was devoted to 
landing Saps, with the remainder out to 
the tips divided between surfaces used 
differentially as ailerons and elevators as 
on the II. Directional control was pro- 
vided by tip flaps as in the predecessor 
types. 

Considerable experimental work was 
done with this type. Dive flaps, for ex- 
ample, were tried out on both upper and 
lower center section surfaces; automatic 
laps to limit diving speed were installed 
on the lower wing surface; the 1II-C 
hud a small wing set forward of the main 
wing to give control down to low speeds; 


the III-D was built ns a power glider, 
with propeller blades that could be 
folded to reduce drag during gliding. 

A new type directional control was 
also investigated. In this the complete 
wingtip was hinged on a skew axis to 
rotate forward with decreasing incidence, 
backward with increasing incidence. It is 
reported to have been very unsatisfac- 
tory, causing the stick to thrash around 
in all directions so that the pilot couldn't 
hold it. 

First of the series IV was completed 
in 1941, and incorporated further 
marked design changes. Though it bail 
the same span as the III (65.6 ft.) its 
aspect ratio was 21.16 against the Ill's 
10.66, with a reversal of the wood-metal 


combination. In the IV the center sec- 
tion was fabric-covered wood and outer 
wing panels were of metal, since this 
section was too thin for wood construc- 

The IV also incorporated an additional 
control change, one embodying three sets 
of surfaces in the trailing edge. Those 
outboard, operated by sidewise motion of 
the stick, were primarily for lateral con- 
trol in the conventional manner. How- 
ever, they deflected slightly in response 
to a motion of the control stick in the 
fore and aft directions. 

Both middle and inboard surfaces 
were operated by fore and aft stick mo- 
tion, with the middle surfaces having a 
large upward deflection, but only a small 
downward deflection; the inboard sur- 
faces having a large downward and a 
small upwai'd deflection. Coupling be- 
tween the control stick and surfaces was 
so arranged that the deflections for a 
given stick position increase or decrease 
progressively along the span. Thus, on 
a wing being dropped, the outboard sur- 
face would have the greatest deflection, 
the middle a lesser, and the inboard the 
least, while on the wing going up the 
inboard surface would have the greatest 
deflection and the outboard the least. A 
forward stick movement brought a ska rp 
deflection of the inboard surfaces blit 
only a slight deflection of the middle, 
just the opposite to an aft stick motion. 
This variance in deflection made it pos- 
sible to maintain wash out in the wing 
even though controls were displaced. 

Another control change was that for 
directional control, for the brake-flap 
type was changed to a plate-type spoiler 
on both top and bottom surfaces be- 
tween the front spar and aileron. 

The transition to having the pilot in 
prone position was evident in the IV, for 
in it lie was in a half-kneeling position. 

Another experiment tried was the IV- 
B, with a laminar flow wing made of 
plastic. This wing had very bad stalling 
characteristics, finally spinning in and 
killing the test pilot.' 

The Horten V series, of which the pro- 
totype was started in 1938, marked the 
transition from the high aspect ratio 
wing to the parabolic configuration, its 
aspect ration being 6.1 compared to 
21.16 of the IV. Designed from the start 
as a powered craft, it had two 80-hp. 
Hirth HM60R engines, turning in op- 
posite directions, buried within the cen- 
ter section and driving pusher propellers 
via extension shafts. Center section was 
built up of welded steel tubes and outer 
wing panels were wood. 

In this series the Hortens reverted to 
their “conventional” control system — two 
moving surfaces on each side — together 
with landing flaps beneath the center sec- 
tion and spoilers at wing tips. Flaps 
were divided into three sections, that bc- 
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tween the engines deflecting 60 deg., 
those outboard, 40. 

Originally built as a two-place craft, 
the prototype was modified, in 1941-2, 
to a single-seater for extensive test fly- 
ing at Gottingen the following year. A 
second craft of the type was built after 
the war started, this one having the 
cockpit faired completely into the wing, 
and with a retractable rather than fixed 
tricycle landing gear. 

It was built almost entirely of plastic 
material, and had an improved version of 
the “waggle tips" first tried on the III. 
Here again the result was failure — on 
the first test flight, made under high 
wind conditions, the craft bounced on 
landing, the pilot gave it full throttle, 
only one engine took hold and the plane 
crashed on a wingtip. 

The brothers Horten proposed, but 
never built, a glider tug based on the 
design of the V, their claim being that 
the point of tow cable attachment being 
near CG, the tug would bo less sus- 
ceptible to position of the glider. 

Next craft actually built was a glider 
whose plan form was that of two para- 
bolas meeting at the wingtips. This craft 
was damaged in transit from the factory 
at Aegidienberg and was never flown be- 
fore being burned. 

After the parabolic design the Hortens 
built the VI, a glider development of the 
IV having greater span but less dchidral. 
Though its span was 13.1 ft. greater than 
the IV, wing area of 191 sq. ft. was 12 
less than the IV’s and aspect ratio was 
32.4 against the IV's 21.16. No informa- 


tion is available on its flight characteris- 
tics, but it is understood the craft did not 
handle well. 

Number VII in tile series put the Hor- 
tens back in powered craft, this time 
with one essentially similar to the V, 
Imt with larger engines — two 240-hp. 
Argus ASlOC’s. Another change was 
rudder control, this one consisting of a 
wooilen bar mounted on rollers behind 
and parallel to the main spar tip. Mov- 
ing the rudder pedals simply moved one 
of the bars out of the tip to cause drag, 
but without blanketing the aileron. Re- 
ports on it are directly conflicting, one 
calling it “very pleasant and satisfac- 
tory”, another calling it “very unsatis- 
factory”. Perhaps the latter is more 
nearly correct, since the device was not 
tried again as designs moved into higher 
speed ranges. 

The VII apparently was to be used ns 
a tailless aircraft trainer. One had been 
completed by March 1945, the second 
was nearing completion at Minden, and 
18 more were on order. 

Under construction and scheduled for 
test flights about Nov. 1945 was the 
Horten VIII, a transport designed to 
carry abont 60 passengers on the trans- 


Atlantic run. Facilities at Gottingen 
limited its span to 158 ft., although orig- 
inal plans called for a larger craft. Pow- 
ered by six 600-hp. BMW engines turn- 
ing pusher propellers, its cruising speed 
was estimated at 200 mph., and range 
about 4,500 mi. 

Even this large craft had wood outer 
wing panels — having one main and one 
auxiliary spar — and welded steel tubular 
center section. The control system was 
the familiar two-surface type used on 
the V. 

Marking the Horten’s first venture into 
the jet propulsion field was the IN, a 
single-place fighter-bomber developed 
from the V and powered by two BMW- 
003 turbojets. (See AVIATION for 
.Tan., 1946 for Design Analysis of the 
powerplant) Production contract for the 
IX had been given the Gotha Co., and it 
is possible the Gotha P-60 (first de- 
scribed in Aviation for Oct., 1945) was 
developed from the Horten design. 

Sub-types of the IX ran from V-l 
through V-4. Originally the design called 
for building the turbojets through the 
main spar, but on V-l’s completion it 
was found that the jet engine diameter 
was greater than anticipated, so the 


Specifications of Horfen Flying Wings 
Sink- 

Wing Glid- ing 
Empty Load- ing Speed No. 

Wt. ing Angle (tps.) Seats Power 


S27 606 2.33 


V 52.5 451 6.1 2.760 2.310 

Glider Tug Based on design of V 

Parabola 39.4 355 4.37 375 19S 

VI 78.7 191 32.4 770 550 

VII Based on design of V 


1.01 19 2.1 


1-2 2-80 hp. Hirth 


2-240 hp. Argus 

60+ 6-600 hp. BMW 
1-2 2-BMW-003 


2 whl. 

2 skids 
Fx. Tri. 
Fx. Tri. 


Wool 

Wool 

Wool 

Woo 


id-Mcta!" 

id-Metal 

id-Metnl 

-Metal 

Metal 

Metal 

Metal 


* Installed after craft tested as glider. 


2 50 hp. DKW 
■* Plastic wing tried. 
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craft was modified ns n glider for flight 
tests. (Since it was basically similar to 
the V no wind tunnel tests had been 
run) V-2 Was then built to take the 
larger-diameter turbojets; V-.'j was Imill 
by Gotha to study for quantity produc- 
tion problems; and V-4 was designed as 
a two-place night lighter version. 

The IX brought a third version of the 
wood-metal combination, this time hav- 
ing the center section of conventional 
welded steel tubular construction, outer 
panels of wood, but metal wingtips. The 
wing has one main spar — through 
which control rods are run — and an 
auxiliary spar. The plywood covering 
was given a special lacquer coating for 
smoothness. Since the turbojet exhaust 
came out on the upper surface of the 
wing, protective metal plates were in- 
stalled over the wood skin in the affected 


The two-moving surface control sys- 
tem which had earlier proved satisfac- 
tory was again used on the IX, with two 
changes: the control slick could be lifted 
up a few inches to increase pilot’s lever- 
age for high-speed operation. 

For lateral control the craft had two 
sets of spoilers, the smaller of which 
came out of top and bottom wing sur- 
faces first, followed by the larger pair 
to give smoother action at high speeds. 

Though complete figures are not avail- 
able, the craft was said to hove a top 
speed of about 7211 mplt. at 210.000 ft., 
with a range of about 1.050 mi. With 
full fuel load ami complete armament 
consisting of four 35 mm. cannon and 
4,400 lb. of bombs, gross weight ran to 
17,600 lb.— giving wing loading of 38,-40 
lb. per sq. ft. Takeoff runs of 1,600 ft. 
under light load were obtained in early 


predicted for takeoffs when fully loaded. 

Gariy in 1945 the Horten’s either be- 
lieved Germany was going to win the 
war or were getting all the research they 
could with Luftwaffe money, for they 
had under way the X, said to be a ver- 
sion of the III but with movable wing- 
lips for directional control. 

The XT, which was also under con- 
struction at Hersfeld, was a 26-ft. span 
single place glider designed for full 
aerobatics. 

End of the Horten development string 
was the XII, reported to have reached 
the (light test stage. Basically similar to 
the III, it was a two-place side-by-side 
personal plane powered by a 50-lip. 
DKW or Hirth engine. 

Throughout their careers, the Hortens 
avoided the use of vertical fins for di- 
rectional control and stability, disagree- 
ing heartily — and, it appears correctly 
— with the famed Dr. Lippisch who had 
predicted that Horten craft would be 
unstable without vertical fins. A common 
characteristic of all Horten wings was a 
6-8 deg. washout and sweepback of 
20-30 deg. They were, however, work- 
ing on greater sweepback later on as 
high speed jet propelled craft became 
the order of the day. This work was 
with models and had not reached the 
full-scale lest stage at war’s end. 

Editor's Note: Much of the material 
presented in this article is based on a 
Combined Intelligence Objectives Sub- 
Committee report prepared by Lt. Cmdr. 
M. A. Biot, IJSNR, team leader repre- 
senting the U. S. Naval Technical Mis- 
sion in Europe, and Fit. Lt. D. C. 
Appleyard, RAFVR. representing the 
British Ministry of Aircraft Production. 


test flights, and runs of 3.000 ft. were 
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Supersonic Flight 
Poses Many Design Hurdles 


N umerous aviation enthusiasts are 
inclined toward the conviction 
that this year's applied research 
with experimental sonic and supersonic 
aircraft portends a matter of fact transi- 
tion to airliners and fighters with speeds 
of unlimited miles per hour. And often 
such convictions arc stubbornly intensi- 
fied in the face of formula-burdened 
explanations of ultra-high speed flight 
problems. A far more realistic view- 
point is held by aerodynamicists — that 
such products of the supersonic imagina- 
tion are little more than specks upon the 
horizon of the often loosely pictured 
“foreseeable future”. 

A simplified, almost casual hint of a 
few of the problems of supersonic de- 
sign is presented by E. H. Hememann, 
chief engineer, Douglas Aircraft Co., 
who is at present closely connected with 
the company's high speed flight experi- 


Too great a number of basic problems concerning ultra-speed flight 
have not yet even been explored — let alone solved — to permit hasty 
thinking by laymen or tyro engineers that the supersonic age is "just 
around the corner". Here a skilled aerodynamicist cautions against 
leaping to formula conclusions and explains some of the manifold 
barriers facing the country's top designers in plotting craft for faster- 
than-sound human flight. 


penditures were large. Never at any 
time has the level flight of any stripped- 
down airplane exceeded this rate of 
advancement. This applies only to speed 
record flights and not to normal opera- 
tions, and it is well to note that regular 
aircraft operating normally usually fly 
about half as fast as the pace setters.” 
His accompanying chart (Fig. 1) 
shows how closely world aircraft speed 
records, up to and including the British 
Meteor jet flight record, follow this 
trend of speed development. 


speed increase. Vast engineering and 
production groups composed of techni- 
cal specialists, even whole sciences, are 
responsible for the creation of a new 
airplane. Achievements today are meas- 
ured in terms of research expenditures. 
War appropriations will be evident in 
increased speeds for the next few years ; 
later extra miles per hour will depend 
upon the amount of time — and time 
means dollars — that will be allotted to 
research." 

He believes that while available power 
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tion from an orderly development in 
increasing the speeds of human flight. 

His sketches (Fig. 2) of presently 
conceived wing plan-forms suited to con- 
ditions approaching and surpassing the 
speed of sound contain a hint of the 
selection problems confronting de- 

These sketches depict a variety of 
idealized shapes that would probably be 
best suited to speeds of the order of 
Mach .85, .9, 1.1, 2, and 2-plus; a speed 
range of from 646 mph. to 1,500 mph. 
and beyond. 

And, ultimately, supersonic aircraft 
engineers will find themselves committed 
to a program of extended research in 
determining how to compromise shape* 
that will be as varied in performance as 
in contours. 

The latter observation is pointed up 
in Heinemann’s suggestion of alternate 
plan-forms for speeds of Mach 2 and 
2-plus. One, triangular, offers probable 
good high speed performance and minor 
transitional problems but probably 
would perform poorly at low speeds. 
The other holds promises of good high 
and low speed performance, but might 
present serious transitional problems. 

In three drawings of airfoil shapes 
(Figs. 3, 4, 5) the Douglas engineer de- 
picts the hurdles facing designers 
struggling to compromise airflow char- 
acteristics which change abruptly and 


vigorously as aircraft speeds advance. 

Fig. 3 shows airflow over a typical 
airfoil to be well-behaved at a flight 
speed of 500 mph. (Mach .65). How- 
ever, at 700 mph. (Mach -916) r -airflow 
over portions of the wing surface may 
possibly reach speeds of 1,000 mph. and 
then drop abruptly (behind resultant 
shock waves) to 730 mph., as indicated 
in Fig. 4. Finally, as depicted in Fig. 
5, the airfoil flown at 1,500 mph. may 
have wing surface airflows ranging from 
1,275 mph. to 14)90 mph. 

With this information, and the ad- 
mission that there exists a lack of data 
concerning behavior of wings in the 
supersonic speed ranges, Ileinemann 


prompts a realistic view of the time fac- 
tor required before the barrier is over- 

“I don’t want to say”, he sums up, 
“that many of the predictions about 
supersonic flight aren't possible. I 
would like to go on record with the 
viewpoint of the engineer— one of those 
with whom lies the responsibility of 
translating ideas into facts. While re- 
cent scientific developments have indi- 
cated that future speeds are practically 
unlimited, any great advancement in 
speed over the orderly trend will only 
come as a result of a vast amount of 
time-and-money consuming research de- 
velopment and engineering. 



Erg. 4. Airflow over some airfoil at March .916. 
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SIMPLIFYING 

PERSONAL PLANE DESIGN 


Here, for the "general practitioner," is an easily workable method of 
power estimation — together with handy formulas for the engi- 
neering department whose time- and money-budgets don't include 
specialists. 

By RALPH H. UPSON, Consulting Engineer 


X x the first article of this series', 
I we considered quite properly the 
medium through which the aircraft 
must be propelled mid by which it is 
supported. But even more important, 
for aircraft or anything else, is what the 
vehicle can do — in other words, per- 
formance. Taken broadly, that one sub- 
ject covers a preponderant part of air- 
plane design. But in this and a subse- 
quent article we shall be satisfied to deal 
with the conventional or ‘classical’ items 
of performance largely dependent on 

First a distinction must be made be- 
tween performance attainable with a 
given airplane, or given airplane design 
(which amounts to the same thing), and 
performance set down ns a prerequisite 
or objective of the design itself. Here 
also the present article must be limited 
by dealing with the first of these aspects 
only. The second, calling for a some- 
what different approach, must be re- 
served for a later issue. 

But what is the need for any new 
article on performance! As if there 
hadn't been enough reports, papers, 
articles and even books on the subject 
already! In fact, there have been too 
many. Variously advocated have been 
generalized equations, nomographs, log- 
arithmic plotting, transparent forms and 
stencils, special slide rules, and what not. 

Nearly all of these methods have some 
merit — for anyone wishing to make such 
work a life-time specialty. But for the 
average aircraft engineer — the ‘general 
practitioner 1 who has plenty of other 
things to do — the task of learning a spe- 
cial system of almost any kind is likely 
to be more trouble than it is worth. If 
he were to take each such performance 
system seriously enough to give it a fair 
trial (not to mention special methods 
of analysis that have been developed for 
countless other purposes), an ‘X-ray’ of 
his mental equipment, mostly unused, 
would bear a close resemblance to Fib- 
ber McGee's hall closet. 

The general advantages of algebraic 
formulas, simplified in most cases by 
empirical methods, have been brought 
out in Part I. Such methods are not 
only adaptable but particularly useful 
in performance analysis. Even in 

1 Part I, Pace 55. June Aviation, 


straightforward computation of a given 
design, simple formulas arc hard to heat 
for getting results with minimum effort; 
but they are still more appropriate to 
the creative stage of a design where 
alternatives must be tried and the benefits 
and penalties of various modifications 
appraised. Simple formulas, moreover, 
may be readily translated into almost 
any other method desired. 

For the fundamental basis of per- 
formance. there is no need to go beyond 
time-honored ‘power-required’ and ‘pow- 
er-available’ concepts — the classical ap- 
proach, so-called no doubt because its 
origin seems lost in the mists of aero- 
nautical antiquity, over forty years ago. 
In plain language, the power, on which 
performance depends, reduces simply to 
consideration of: (1) What do you 
need!, and (2) what have yon got! 

Power Required 

As usual, 'power required' is taken to 
mean the thrust horsepower required to 
overcome the drag in level flight at a 
given constant speed and air density. 
Quantitatively : 

thpr = De/375 (2.1) 

where D is the total drag without pro- 



peller or slipstream. Divided into the 
usual profile-parasite and ‘induced’ 

D ~lq + W'/irrdfq) (2.2) 

where 6, q, and TV represent the usual 
span, dynamic pressure, and gross 
weight, respectively; the drag area / 
and the effective span factor e being de- 
fined in any modern aerodynamic text. 
It should be understood that, by conven- 
tional definition here employed, the sec- 
ond term of the above equation includes, 
besides the true induced drag, an ap- 
proximation of all drag, for a given air- 
plane, that cannot be fitted to the 
condition of constant / assumed in the 
first term. The corresponding ‘fudge 
factor’ e, when first proposed”, was 
called by the rather misleading name 
“airplane efficiency factor”. This factor 
is nevertheless a very useful one if its 
true purpose and limitations are realized. 

Apparently the term ‘efficiency’ was 
first used because of a supposition that 
e could be taken as a measure of how 
closely the wing downwash approached 
an ideal constant value along the span. 
But it is now well recognized that the 
extent to which e falls short of unity, in 
a well designed airplane, is largely due 
not to induced drag at all, but to that 
part of the profile drag which varies in 
similar manner to the induced drag, ex- 
cept for being independent of span It. 
Thus the value of e (applied as a factor 
to ft') is substantially reduced ns the span 
is increased. This does not mean that an 
airplane of large span or aspect ratio 
is any less efficient; it means only that 
an appreciable part of what for con- 
venience has been treated as induced 
drag is really not induced and must 
therefore be adjusted to the realities of 
the situation. 

For conditions making the induced 
drag small, such as at maximum speed, 

' W. Bailey Oswald, XACA TR 4 OS. 
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tative, especially with the actual maxi- 
mum efficiency and other characteristics 
left open and subject to revision. 

From studies of takeoff (to be brought 
nut in a later article) it appears that 
with any modern direct-drive engine it 
is worthwhile to use the largest pro- 
peller that will limit the tip speed to a 
desirable maximum, making a reason- 
able choice of representative conditions: 
N. X did = 17 for metal, or 15 for a 
wood propeller. With a 2% allowance 
for the contribution of the axial speed 
component, this relation is equivalent 
In a lip Mach number of about 0.81 for 
tnelal or 0.715 for wood — conservative 
values’ which allow a little margin for 
anise reduction, moderate altitude, and 
cold weather. With wood, the critical 
UN is thus a little lower, though it 
need not be ns much reduced as with 
designs of 10 yr. ago (Ref. 5). Since a 
wood propeller will commonly be the 
fixed-pitch type turning at less than 
maximum rpm. both for takeoff and 
climb, and ordinarily throttled for other 
conditions, it will often be tnnnd pos- 
sible to increase the A’„ X dm product 
above indicated. Improved tip planform 
and section will also permit some in- 
crease for either wood or metal. The 
importance of noise reduction imposes 
an opposite trend (plus an increased 
number of blades), but usually at too 
much sacrifice of low-speed thrust un- 
less N. is reduced by gearing. 

In any case, favoring takeoff (over a 
50-ft. obstacle) is particularly impor- 
tant with the modern tendency toward 
higher wing loadings; and the corre- 
sponding penalty on airplane top speed 
is in most cases negligible. Expressions 
alternative to the more general type are 
given to fit this condition of limiting 
tip speed, applied to the representative 
propeller, for direct drive only. 

Variable Pitch 

In most treatments of performance, 
the fixed-pitch propeller has been con- 
sidered first, probably because of its 
historical priority and mechanical sim- 
plicity. Analytically, however, the 
variable-pitch type, of constant rpm., is 
not only simpler, but is basic to a con- 
sistent treatment of fixed-pitch and 
other types. 

The assumption of constant rpm. with 
full throttle, for a given set of atmos- 
pheric conditions, establishes constant 
brake horsepower and constant power 
coefficient C,. Although there appear" 
rational grounds for allowing slightly 
more rpm. with increasing altitude 
(where torque, power, and compression 
arc all reduced) present standard prac- 
tice will lie followed of using the same 


full-throttle rpm. at all altitudes. Under 
these conditions, thermodynamic justifi- 
cation is claimed for the belief that the 
engine power varies almost directly 
with atmospheric pressure and substan- 
tially independent of temperature (Ref. 
5). At any rate, in the standard atmos- 
phere, the function 

hp/hp, p/p. = i r “ (2.4) 

seems to give a close but conservative 
measure of the altitude power factor, as 
shown by results from 6 different en- 
gines varying from Go to 225 hp. in 
Fig. 1. The corresponding variation in 
C. is small, being represented by the 

C„/C„ = = »”•“ (2.5) 

If the propulsive efficiency i) at con- 
stant rpm. is plotted against J, for a 
given C„ the curve is found to bear a 
gcometic similarity to those for all other 

der of approximation t/t, h is the same 
function of v/v. for all cases. This prin- 
ciple is already well recognized* hut its 
uso often has been confused by failure 
to distinguish the speed of maximum 

efficiency t,„ from r,„ the maximum 

Another frequently neglected factor, 


although not an important one, is the 
change in maximum efficiency (and the 
speed nt which it occurs) with altitude. 
For this purpose an expression for effi- 
ciency ratio as a function of C p /C,\ is 
needed. For the representative propeller 
(Fig. 2) within the range ,02<C„<.08, 
an empirical approximation, applied to 
(2.5), gives: 

v./’l .i - (C„/C„) •“* = v (2 .6) 

an »/r« = do/d.i = «VC„)“ = »»■»■ (2.7) 
where the subscript . throughout indi- 
cates the value or condition of maximum 
Ihp and efficiency, and subscript, indi- 
cates the sea level value. An alternative 
equation plotted in Fig. 2 gives a more 
accurate representation of peak effi- 
ciency, but (2.6) is believed close enough 
to cover the minor effects of altitude. 

Fig. 3 shows a collection of points 
representing the efficiency ratio as af- 
fected by variation of speed t> at any 
given altitude. The formula hitting 
closest to the average, for the full range 
of practical conditions, is the one pre- 
sented as (17) for sea level conditions. 
Similarly, for any given altitude: 

thpjhp* = = 1 - (1 - »/*)•/» (2.8) 

Substitution of values from (2.4) to 
(2.8) in (2.2) with further empirical 
simplification, now permits expressing 



Fig. 3 
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THIS MONTH'S FORMULAS 


181 ,000 T 
for a = .811 (7000 ft.) 

Ref. text, Eq. (2.1) & (2.2) also Ref. 1 

Power Arailable [ Constant rpm. (variable pitch) 1 

(14) thp . = *.»<■**«'*,> = „'" Vl hp, [1-0.1 (irtvi,) <1 — ct'1 

= .782 i nhp, (1 - ,02v/vm) for 7,000 ft. 
within about 1% for conventional propellers operating at 

tip M N < . 810 for metal or M N < .715 for wood and .02 10 

Ref. text Eq. (2.3) to (2.8); also Ref. 5 and 6 

Power Available — Fixed Pitch ( PDF . ' 0 . 8) 

(15) Ihp. = o'*hpi= 

= .762ApiVi)i>i»ii'/»rt for 7,000 ft. 

where in and n.i are both on curve for constant C ,.\ at rpm. of 1.000 ,Y„ 

Representative Propeller in the unstalled range 
(Navy No. 5868-9, 2 blades: Ref. 0): 

(16) dia = 17/iV.; for metal: 

Or 15/ N.; for wood 

suitable for tentative choice of diameter in most cases of direct drive 
where N Jtp''> lies between 8 and 10: hp. from 50 to 250. 

(17) u. = *>i [1 - (1 - v 

average values of points shown in Fig. 3. 

(18) u„, = m [1 - (1 - t>,,/n>.)‘ , »] 

(19) 1,01 = 55, (1 - 4/,/ » dia 1 ) 

(20) t’oi = 1 1 30,/oi -V. dia = 3-lC,,, l/3 iV. dia = 19 N.- 1 * hp, ,n 
for diam. = 17/ AT, = 2D.GN. in hp, ,/s for dia = 15/ .V, 

Equations (18) to (20) are within about 5% for the given propeller 
design operating at .02 <C r <.10 

(21) 1701 = .87 [1 - (1 - 15C„) S 1 
within 2% for the given propeller 

(22) C P t = N. s hp2S .400 for dia = 17/ N. 

or .WA;»/15,200 for dia = 15 A', 
accurate for the'conditions stated. 

Alternative to powers of 0 

( 23 ) .^ 1 - , + «> 

within 1% for positive values of n up to 1.3 at 0 = 0.5 


the power available, Eq. (14), as a sim- 
ple function of speed, altitude (ex- 
pressed by relative air density), and sea- 
level thrust horsepower r„hp, (at any 
given speed v) for the entire range of 
possible conditions. 

Fixed Pitch 

We have thus far considered a pro- 
peller automatically (or otherwise) 
varying in pitch in such a manner that 
it maintains the same rated rpm. at any 
airplane speed or altitude. Suppose that 
for any combination of such conditions 
the blades are frozen in angular posi- 
tion. The propeller then becomes a 
fixed-pitch type. If we focus attention 
first on a particular altitude, such as 
sea-level, for operation at varying speed, 
this ‘freezing point’ v, can be either 
above, below or at the speed v. of maxi- 
mum efficiency t,„. Expressed in ratios, 
ns in Fig. 3, the coordinates of this point 
are thp./ thp „ (= Tj/ijo), and ® p /b„. 
Though most commonly chosen to ap- 
proximate maximum speed, the speed 
r,, has no necessary or direct relation- 
ship to maximum speed or any other 
characteristics of the airplane, but rep- 
resents simply one point on the thp. 
curve that is identical with the variable- 
pitch type. The only other point com- 
mon to both curves is, of course, the 
origin where tlrp and v are both zero 

Considerations of geometric and 
aerodynamic similarity show that tbe 
actual thp curve for a fixed-pitch pro- 
peller must lie between the variable- 
pitch curve and a straight line joining 
the origin to the ‘freezing point-'. In 
other words, the thrust horsepower 
relative to its rated value thp. (= 
>1 Jtp.), at any speed v. must lie be- 
tween the value given by Eq. (2.8) and 
the straight-line function : (v/v) (ik/i).). 
Practical trial shows that a simple 
geometric mean is a good representa- 
tion of the actual points for an engine 
whose power varies linearly with rpm*. 
(PDF = 0.8), as indicated in Fig. 3 
for L',,/o. = 0.8 and 1.2, the points cov- 
ering a substantial range of C ... Thus 
the sea-level thrust horsepower: 

thp . i = hp, Vim* r/vpi (2.9) 

Conditions at altitude geometrically 
similar In those at sea-level will be ob- 
tained at the same speed and rpm. with 
torque and power reduced in proportion 
to n. But. as already noted for the 
variable-pitch propeller, the full-throt- 
tle power actually varies as e ,!3i for 
constant rpm. 

For an average value of PDF = 
0.8, the torque Q is independent of 
rpm. and varies only with altitude. 


Thus if uccAT; 

<3/0, = „'•*“= *JVty ATT (2.10) 

from which: 

:V7 AT = (2-.11) 

thp./hp., = QN/QiNt = » 1JM (2.12) 

when speed is reduced in the same pro- 
portion as X in (2.11). If, on the other 
hand, speed is to be held constant, Eq. 
(2.9) shows that thp. in (2.12) will be 
altered in approximate proportion to v, 
making: 


thp./thp . , = (2.13) 

Substituting thp., from (2.9) now 
gives Eq. 15 for power available with 
fixed pitch at any speed and altitude in 
terms of the variable-pitch propeller, 
the only additional data required being 
the speed v„ at which the propeller de- 
velops its rated power and its efficiency 
t, pI at that speed (at sea level). 

Because of the slowing down of a 
fixed-pitch propeller with reduced air- 
plane speed, the shape of the full- 
throttle engine hp. vs. rpm. curve is also 
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f’ „ = value of C„ at which p. = y„ 

J = .0S8c/(Ariia) - advance ratio 
J. = value of J for o = V. and IV = If. 
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a factor in the thrust horsepower devel- 
oped. Data for present available en- 
gines, however, show nearly all to have 

substantially proportional to rpm. over 
the entire range used for flight perform- 
ance, as here assumed. Here in the nor- 
mal flight range the rpm. of the fixed- 
pitch propeller is reduced approximately 
in proportion to thp. from Eq. (15) as 
compared to (14). If the brake horse- 
power departs appreciably from the 
assumed straight-line variation, the 
thp. will be altered in about the same 
proportion at any value of the rpm. as 
above established. 

Maximum Propeller Efficiency 

Eqs. (14) and (15) are each in terms 
of the actual sea level efficiency n, for 
a propeller at any given airplane speed 
u and at the rated rpm. (the latter being 
a fictitious condition for a fixed-pitch 
propeller except at the one speed ii„). 
Thus, except for secondary effects, par- 
ticularly applying to (15), the equa- 
tions are in general form, and permit 


using any actual or desired shape of 
the efficiency curve vs. speed. For the 
respresentative propeller, Eqs. (17) and 
(18) give n, and Up, as conservative aver- 
ages for the C p range noted in Fig. 3. 
Other propellers give points within a 
similar range of values. The only re- 
maining unknowns are r,., and v„. 

As shown in Fig. 2, the peak effi- 
ciency r,. (on curve of r, vs. J) is in 
turn a point on the curve of 7i„ vs. C, 
having a maximum i) m at C. m . As most 
of the usable range for light planes is at 
C,<C,„, a simple power function ap- 
pears as a satisfactory means of dealing 
with the unimportant altitude effect, as 
already indicated. The more general 
expression, in terms of the ratio C,/C.„ 
although given in the formulas for the 
representative propeller, is apparently 
a good approximation for nearly any 
type of propeller if the C, m point is 
picked with good judgment. In many 
cases T| p , = constant can be assumed 
over a considerable range of C.. 

In the application of propeller test 
data to practical conditions, one of the 


most important considerations is power 
loss due to added drag in the slipstream 
which, by accepted definitions of pro- 
pulsive efficiency, is put in the same 
class as power loss in the propeller it- 
self. Neglecting second-order effects, 
the slipstream velocity which produces 
this drag increment is same as what 
accounts for the thrust itself. Thus a 
balance of momentum shows that the 
drag increment bears the same ratio to 
the thrust as the effective drag area f, 
in the slipstream bears to the propeller 
disc area. This mcaus that almost re- 
gardless of speed, altitude, or type of 
propeller, the thrust, thrust power, and 
efficiency at a given speed are all subject 
to a reduction factor: 

K. - 1 - ifs/v dia? (2.14) 

This expression naturally does not 
cover effects due to a change in the type 
of flow induced by the slipstream (such 
as discouraging local separation over 
the root of a low wing) . It assumes that 
the full final slip velocity is developed 
over the parts represented by /,, but neg- 
lects changes in speed of a purely 
hydrodynamic nature around the fusel- 
age. The latter is often important in 
the choice of blade angle distribution, 
but is apparently of negligible effect on 
efficiency if the blade angles are cor- 

From the description in Ref. 6 of 
the propeller test rig, it is estimated 
that the nacelle and portions of the 
struts in the slipstream had a drug area 
of / , = 2.1 sq. ft. A diameter of 10 ft. 
for the propellers tested made — dia 1 = 
78.5, giving a test K, = 1 — 2.1/78.5 
= .973. Strictly speaking, the use of 
these test data in the thrust formulas 
here given would be predicated on initial 
division of the tested efficiencies by .973 
but this additional 2.7% margin is here 
retained in the case of the representa- 
tive propeller, as allowance for other 
small losses commonly to be expected. 

The slipstream drag area f, is nor- 
mally made up by the fuselage, wing 
roots, and tail surfaces. For a well 
designed plane with sidc-by-side seat- 
ing, it should not be more than 2.5 to 
3 sq.ft., but with struts, landing gear 
members, and poor windshield it will 
readily run more. 

Application of Formulas 

Although applications to specific items 
of performance will be taken up in the 
succeeding article, it is apparent that 
most problems can be handled by direct 
use of the power required and available 
equations. If the engine is superchatged 
to develop its rated hp. at a given criti- 
cal altitude, it can be given a fictitious 
(Turn to page 142) 
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ENGINEERING 
ROTARY WING AIRCRAFT 


PRACTICAL 
OF 

By PAUL H. STANLEY, Chief Engineer, Autogiro Company of America 

Continuing his comprehensive discussion of rotorcraft design prob- 
lems, Engineer Stanley presents two further analyses — first, a study 
of the appplication of jet-drive to blades of a direct control autogiro; 
second, an examination of loads developed in blades of a jet-driven 
'copter or in autogiro blades with jet-assisted takeoff and landing 
features. 


P ENDING ACHIEVEMENT of those 

factors necessary to make the com- 
pletely jet-driven helicopter feas- 
ible — reduction of weight and size of 
jet units and improvement in fuel con- 
sumption — it is considered that an 
important intermediate step would be 
the application of rocket-propulsion- 
type driving units to blade tips of a 
direct control autogiro. An installation 
of this nature would make it practical 
for the autogiro to make helicopter take- 
offs and landings, and also permit two 
or three brief periods of helicopter oper- 
ation during flight, tinder combined 
action of the rocket driven rotor and 
full engine power, rate of climb would 
be more than twice that of either auto- 
giro or engine-driven helicopter for the 
same engine power weight ratio. Also, 
for brief periods, the combined auto- 
giro-helicopter would be capable of sub- 
stantially greater maximum speed than 
either the autogiro or engine-driven 

An autogiro, whose performance has 
previously been calculated, will be used 
to show the potentialities of this combi- 
nation. (Weight analyses made on two 
existing nutogiros have shown that the 
present rotor starter and pitch change 
mechanism can be replaced with jet- 
driving units, necessary tubing, fuel 
containers, fuel for one minute with 
no increase in weight). Since the auto- 
giro (2,100 lb. gross wt., 40.25 ft. rotor 
ilia.) originally considered used a solid- 
ity of .00, this value will be retained. 


From other calculations, it is found that 
optimum performance at zex*o forward 
speed, for a jet-driven rotor of this 
solidity, is at a rotor peripheral tip 
speed of 585 ft./sec. With a jet force 
of 88 lb. per blade, rate of climb is 



shown to be 1.580 £t./min. As in the 
assisted takeoff autogiro, greater per- 
centage of flight operation will be as an 
autogiro, the jet size will be reduced to 
give a rate of climb at- zero forward 
speed of some 300 ft./min. Excess rate 
of climb (calculation not shown) is, 
therefore, 1,580 — 300 = 1,280 ft./min., 
corresponding to an excess lip. of 1,280 
X 2,100/33,000 = 81.4. 

Hp. input to rotor of completely jet- 
driven 'copter, at 585 ft./sec. is: 191 X 
(585/400) = 279.4. 

lip. required for assisted takeoff of 
autogiro is then 279.4 — 81.4= 198, 
with a corresponding jet force per blade 
required of 88 X ( 198 / 279.4) = 62.5 
lb., giving a unit of 2.5 lb. weight per 
blade. 

For operation at 585 ft./sec. tip speed, 
with 62.5 lb. jet force per Made (deliv- 
ering 198 hp. to rotor), thrust and 
torque coefficients are : 

2,100 

.00238 X .06 X 20.125' X ir X 585’ 
.0340 

198 X 550 

.00238 X .00 X 20.125= X » X 5S.V 

Checking for performance at p = 0 
(as a helicopter only), rate of climb is 
found to be 414 ft./min., blade pitch 
5.25 deg., and mean profile drag .0145. 
Performance as a jet-driven helicopter 
only is calculated, and is shown as a 
speed polar in Fig. 1. Performance as 
an autogiro, using a propeller giving 
best high speed, is also shown in this 
graph. Finally, the performance poten- 
tial of the combination is shown, giving 
a rate of climb, at zero forward speed, of 
685 ft./min., maximum rate of climb of 
2,680 ft./min.. and maximum speed of 
158.8 mph. (Note: Rate of climb at 
p = 0 is greater with engine-propeller 
unit operating than as pure helicopter, 
since, to get zero forward speed, craft 
will he at a high angle, and thus pro- 
peller carries part of gross weight, and 
actual rotor thrust required is reduced.) 

Weight of fuel required for one min- 
ute of full power operation at .0055 lb./ 
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sec./lb. thrust is: 60 X 3 X 62.5 X .0055 

Also, since in assisted takeoff, using 
the jet units for 15 In 20 sen., with 
between 1.5 and 20 lb. of fuel consumed, 
the craft weight will be less as soon as 
it is airborne and during operation as 
an autogiro, than in (lie case of Ihe craft 
becoming airborne by means of mechan- 
ical direet takeoff, since in this latter 
case, the aircraft must always carry the 
weight of rotor starter and pitch change 
mechanism, with a consequent reduction 
in performance and/or payload. 

In comparison to Ihe hub-driven heli- 
copter, the con figii ration ot an auto- 
giro using rocket type jets for assisted 
takeoff will eliminate original and main- 
tenance cost of Ihe hub-driven ’copter 
transmission, also noise and vibration 
usually associated with a transmission 
of this typo. It is also shown later that 
the blade of a jet-driven helicopter, be- 
cause of its lower incidence and driving 
force applied at the blade tip, has lower 
resultant bladeroot stresses than a blade 
in the hub-driven type of 'copter. 

With potential performnnec either as 
an autogiro or jet-driven helicopter, and 
considering the very superior perform- 
ance of the combination, also relative 
simplicity of the craft in comparison to 
the hub-driven types of helicopter, it is 
believed that the autogiro with jet- 
assisted takeoff will be an exceedingly 
useful machine — at least until such time 
ns fuel rate for the completely jet-pro- 
pelled 'copter is no longer a problem, 
and weight and size of the jets are re- 
duced to practical proportions. 

In the calculation of blade pitch re- 
quired for operation as a low powered 
jet-driven helicopter, it was found that 
the value was 5.25 deg. — only .25 above 
that used as an autogiro. The 3, tilt, for 
a relatively low powered jet-driven 
rotor, could therefore be rather small — 
of the order of 10 deg. On the other 
hand, use of a 5, tilt of some 30 deg. 
would give a greater increase of blade 
pitch, when jet-drive is used, with a 
slight reduction in tip speed, but a 
probable overall increase in quantitative 
performance. 

One probable additional advantage 
from the jet drive is the reduction of 
coning angle on larger size single-rotor 
craft. In an analysis made some years 
ago on autogiros of a large range of 
gross weights, the writer found that 
blade weight was practically a constant 
proportion of gross weight. In the hub- 
driven helicopter, with rotor maintain- 
ing a constant tip speed, rotor driving 
torque increases very rapidly with gross 
weight; and in larger sizes, rotor weight 
will increase considerably faster than 
gross weight because of additional struc- 
ture required in plane of rotation. On 


the jet-driven type, the jet force is al- 
most balanced (with jet at blade tip), 
leaving a small reaction force at the 
drag hinge approximately .one-quarter 
l lie actual jet force, so that the question 
of blade structure in plane of rotation 
is no greater than with friction dampers 
at the blade root of an autogiro. 

Analysis of Cicrva’s equation, giving 
rotor angular velocity as: 



indicates that, when operating as an 
autogiro, Hp speed is constant so long 
as geometrical similarity — same blade 
pitch, solidity, and disk loading — is 
maintained. Also, analysis of the coning 
angle, giving /?, = 3 gIl/(!iR)' [.59 (7/ 
bp) — .5] indicates that /J, « ft (and 
therefore “ T ,/s ) for geometrical sim- 
ilarity. Cierva also set a limit to coning 
angle in operation of an autogiro as 
fin < tan '■ i — that is, j8» must never 
exceed 9.45 deg. It has been found that 
/?„ for the autogiro used as an example, 
at 2,100 lb. gross weight, is 4.67 deg. at 
p = .5, and for an autogiro four times 
this size, maintaining geometrical sim- 



ilarity, would be 9.33 deg.— just 
about the upper limit rccoiiiineiitled by 
Cierva. By addition of the driving units 
of 2.5 Hi. each (for the assisted take- 
off autogiro), becomes (for the 2,100- 
Ib. craft, operating as an autogiro at p 

= .5) 4.25 deg., and for a craft four 
times the size ol the example, /j„ = 
8.5 deg. — well below the limit established 
by Cierva. Also, at the higher tip speeds 
of jet- operation, coning angle will be 
still lower, with no likelihood of detri- 
mental effects at the highest forward 

Loads Developed in Blades 

With regard to loads developed in 
blades of a jet-driven helicopter or in 
autogiro blades with jet-assisted take- 
off and landing, the following factors 
are are to be considered: In a rotary 
wing craft using jet-drive at blade tips 
for either complete drive, as a helicop- 
ter, or for use on an autogiro to fur- 
nish assisted takeoff and landing, com- 
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and for 9 = 7.37 deg. above aero lift, 
C„ is .030. Drag distribution is calcu- 
lated (fable TI) and is shown graphic- 


ally in Fig. 10. In the jet-driven ’copter 
there is a constant force applied at each 
blade tip. hence each blade is subjected 


to a constant torque rather than a vary- 
ing torque, as in the hub-driven heli- 
copter. This facilitates the solution for 
the equilibrium conditions, at any tip 
speed or phase angle, for the blade in 
plane of rotation. From Fig. 10, for /■ 
= .3 , ip = 30 deg., it is found that the 
centroid of drag force is at .632 R. For 
the equilibrium condition about the drag 
hinge of 5 M = O, we have: 74 X 
233.75 = D X [(.632 X 241.5) - 7.75], 
and drag D = (74 x 233.75 )/153. 25 = 
108.5 lb. 

For equilibrium of forces in the plane 
of rotation, a side force is required at 
the drag hinge of 108.5 — 74 = 34.5 lb. 

For ip = 270 deg., with drag centroid 
at .785 It, D = (74 X 233.75) /182.4 = 

94.6 lb., with a drag hinge side force of 

20.6 lb. 

For if/ — 90 deg., area of diagram cor- 
responding to 108.5-lb. drag is 5.08 sq. 
in., giving a drag force of 21.4 psi. of 
diagram. For ip = 270 deg., area of 
diagram corresponding to 94.6 lb. drag 
force is 1.835 sq. in., giving a drag force 
of 51.6 psi. of diagram. Operating at a 
tip speed n R of 700 fps., the centrifu- 
gal force at the blade root becomes 7,200 
(700/400)* = 22,000 lb. For p = 90 
deg., there is a small lag angle of 5.4 
min. (.09 deg.), while for ip = 270 deg., 
lag angle is 3.22 min. (.054 deg.). The 
lag-angles are of small value because 
drag hinge side forces, in the jet-driven 
'copter, are reduced to approximately 
1% of the value of 2,000 to 3,000 lb. 
found in the hub-driven ’copter. Also, if 
the jet force were applied at exactly the 
drag centroid of a blade, there would be 
zero lag or lead angle, due to rotor driv- 

With the small lag angles associated 
with the jet-driven rotor, components of 
centrifugal force tending to restore the 
blade to a radial position are (conserva- 
tively) neglected, and the problem of de- 
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termination of bending moments in 
plane of rotation reduced to that of a 
simple beam, supported at each end, 
with a non-uniformly distributed load. 
The elementary forces acting at each 
10% increment of blade radius are cal- 
culated in Table TIT, while the bending 
moments arc determined graphically in 
Figs. 11 and 12. The bending moment 
in plane of rotation due to a jet-driving 
force is used directly, with no calcula- 
tion of centrifugal relief of bending. 
(This again is a conservative method of 
applying these moments, since analysis 
will show that a number of simplifying 
and conservative assumptions arc made. 
Also, stiffness in plane of rotation is 
usually considerably greater than for 
spar alone, and any bending in plane 
of rotation will be distributed between 
spar and superstructure in proportion 
to their relative Els.) In plane of lift, 
the calculation of centrifugal relief frem 
bending, due to blade flexibility', will be 
retained. At a tip speed of 700 fps.. 
with blade weight of 70.2 lb., and C.G. 
at .454/?,, giving equivalent weight for 
a uniformly distributed weight blade of 

63.7 lb., the coning angle /}„ is : 

96.48 X 20.125 X 57.3 
“ 490,000 


- .217X5.98- 1.3 deg. 

Flexibility factor K as previously cal- 
culated, is 2,140 in.-lb. per deg. 

In Table IV, resultant normal bend- 
ing moments in flight at n = .3, are 
calculated, and shown graphically in 
Fig. 13. Design bending moments (limit 
load factor of 4.0 to both primary and 
relief bending moments in plane of lift, 
and limit load factor of 1.5 to those 
in plane of rotation, with factor of 
safety of 1.5 to resultant moment), are 
calculated in Table V, and shown 
graphically in Fig. 14. 

Checking for the ground condition, 
the blade moment in plane of flapping 
outboard .10/? (end of blade sleeve), as 
given by a blade weight outboard this 
station of 70.2 — 14.4 = 55.8 lb., with 
C.G. at .554/?.. is: 


Table II— Calculation of Rolative Drag Distribution 
on Jet-Driven Helicoptor Blade, ip = 90 end 270 deg. 

n — .3. Kotor solidity — .03. Jet force per blade = 74 lb . Torque per blade — 1.400 lb. — ft. 


* - 00 dee.. Cn - .0121 * = 270 dec,. Co - .030 



. j.- or solidity of .05, A is .833 the value used in example of hub-driven heiieopter. where solidity s» .00. 


Table III — Determination of Elementary Forcos 
Acting on Blades of Jet-Propelled Helicopter in Plane of Rotation. 

„ - 3. Kotor solinity — .05. Jet force per blade = 74 lb., Torque per blade = 1400 lb. — It. 

if - 00 deg. t - 270 des. 



Blade moment = 55.8 X 240 X .554 
= 7,407 lb.-in. 

Design flapping moment = 4x 7,407 
= 29,628 lb.-in. 

Moment in plane of rotation at .10/?., 
due to jet-driving force of 74 lb. is: 
il/,.„ = 240 X .9 X 74 = 15,990 lb.-in. 

Design M,. K = 15,990 X 2.25 = 
35,900 lb.-in. 

Resultant design bending moment at 
.10/?. is: 

Res. M= (29,628* + 35,900*) *'* 

= 46,600 lb.-in. 

With section modulus Z = .1939 in.*, 
/, = 46,6'00/.1939 = 240,500 psi. Value 
fn/Fi, = 240,500/179,500 = 1.34, that 

is for above condifion of stress, spar 
at .10/? should have 34% greater 
strength than the 1 -Tj-in. .095 steel spar 
of 150,000 psi. U.T.S. considered. This 
additional local strength could be ob- 
tained either by the addition of a sleeve 
over this section, nr by using a step 


tapered spar of constant gage, and with 
o.d. increased at .10/?. to give the de- 
sired section modulus of .260 in* (or 
greater). An .095 spar of 2-in. o.d. has 
a section modulus of .2585 in.’, with 
D/T ratio of 21.05, giving an allowable 
bending modulus of rapture (for 150,- 
000 psi. U.T.S.) of F, = 174,500 psi. 
Using the 2-in. .095 spar at .10R., /» = 
46,600/.2585 = 180,000 psi., with /»//’’> 
= 180,000/174,500 = 1.032, with a mar- 
gin of safety of (1/1.032) - 1 = -.031 
— probably satisfactory. Spar may then 
he reduced in diameter to 1% in. ;| l a 
point outboard that station where the 
resultant design bending moment is less 
than 34,800 lb.-in. 

For the design flight condition of p 
= .3, Fig. 14 shows greatest absolute 
value of design resultant bending mo- 
ment as 7,200 lb.-in. at .58 R. Compar- 
ing design rotor tip speed for operation 
ns a jet-driven helicopter, or, in event 
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removed, the data reduced and studied, 
conclusions drawn, and a second instal- 
lation started in less than five days. 

So much for instrumentation, test 
methods, and the Convair sound cabins. 
How about the results? Do the data 
taken adjacent to one engine on the 
ground predict the acoustical perform- 
ance in a four-engined transport at 
cruising conditions? 

Tests made to date indicate that in 
some instances the agreement is within 
several decibels throughout the octave 
spectrum, and in others a calibration 
factor may be necessary to convert from 
the ground test results to flight predic- 
tions. More exhaustive tests are to be 
run which should answer these questions. 

Early in the Convair acoustical pro- 
gram an attempt was made to correlate 
the noise level in a fuselage produced by 
one inboard engine during runup on the 
ground with the noise level at the sarao 
location in the same fuselage in flight 
using four engines at the same rpm. 
and power. If the noise spectrum should 
indicate approximately the same octave 
intensities with ground reflections in a 


single engine as exist in four-engine op- 
eration where aerodynamic noises, wind 
leaks, and tail surface vibrations in- 
fluence the noise levels, the future of the 
Sound Cabin method of acoustical test- 
ing would look bright indeed. 

Xoi.se surveys were made in flight and 
on the aii-port at the left forward cabin 
seat of the 14-seat arrangement in the 
modified Liberator transport shown in 
Fig. 18. This plane was soundproofed 
with 2 in. of XAA-PF fiberglas (.050 
lb. sq. ft.) in the propeller area and cov- 
ered with a .094 lb. sq. ft. Bedford cord 
trim cloth. A .26 lb. sq. ft. medinm-nap 
carpet surfaced the floor and .094 lb. sq. 
ft. Bedford cord upholstery covered the 
seats as shown in the lower right of Fig. 
19. 

The noise octave analyses made in 
flight at the left forward cabin seat, with 
the four P&W R-1830-94 engines operat- 
ing at 1,800 rpm. (approximately 540 
hp./engine), is shown by the solid lines 
in the left half of Fig. 20. The 12 ft. 
1-in. dia. 3-blade Hamilton Standard 
propellers, geared 1:2, turned at 900 
lpm. during the tests and developed tip 


velocities of 570 ft./sec. The propeller- 
fuselage clearance was 20.5 in. The in- 
dicated air speed was 175 mph. The low 
frequency level of 100 db and the speech 
frequency (1,200-2,400 cps.) of 73 db 

made the passengers feel quite comforta- 
ble and at ease. 

The dashed lines in the right half of 
Fig. 20 show the unbelievably close cor- 
relation with the flight noises obtained 
by operating the left inboard (No. 2) 
engine on the ground with no forward 
speed effects. The upper dashed lines 
of this chart indicate the results of a 
similar test made on a Convair 39 in 
cruising flight at 2,000 rpm. (approxi- 
mately 700 hp./engine) using four en- 
gines at 178 mph. The 11-ft. 1-in. di- 
ameter 3-blade propellers on these 
R-1830-94 engines had only 7% in. fuse- 
lage clearance. 

Sound Cabin No. 2 was tested at the 
standardised 12 PTC (propeller tip 
clearance) to a similar engine-propeller 
combination on the airport with the test 
results shown by the solid line on the 
graph. The ground Sound Cabin tests 
appeared to be conservative by 2 to 7 
db in the vital octaves. No soundproof- 
ing existed in either the fuselage or the 
sound cabin during these trials. These 
and several other similar tests indicate 
that calibration factors may be necessary 
to correlate sound-cabin results with the 
flight noise spectra of any desired plane. 
It may be that the sound cabins are al- 
ways conservative, that is lower, in 
flight, in noise predictions. 

So many variables may affect the 
noise spectrum in an airplane cabin that 
the isolation of each variable, such ns 
cabin “standing wave” effects upon 
microphones, PTC, propeller tip shapes, 
direction of rotation of propeller rela- 
tive to fuselage, engine speed and power, 
should be accomplished in a specific 
sound cabin prior to varying the cabin 
wall insulation. Because of the tremen- 
dous scope of such an investigation and 
the high cost of operating aircraft en- 
gines, Ivrieger, Harrison, and the writer 
decided early in the program to econo- 
mize in time and engine life by survey- 
ing the two sound cabins at five points 
(center and near walls) at a seated pas- 
senger’s head height and at three en- 
gine speeds. Instead of repeating these 
runs several times, involving the uncer- 
tainties of the exact duplication of en- 
gine operating conditions, it was decided 
economical of data reduction time to 
average the noise intensities at each oc- 
tave band for the engine speeds tested, 
thus eliminating incorrect individual 
readings. 

A good example of the plotted aver- 
age results is shown at the left of Fig. 
21 in which the R-1830-94 engine on a 
PB4Y-2 airplane was operated at 1,600, 
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PTC) to Sound Cabin No. 1, at first 
without insulation and then with cabin 
insulation of 2-in. XAA-PF Fiberglas 
(.050 lb. sq. ft.), two sheets of "V-film” 
impervious septum (.009 11 >. sq. ft.), and 
a heavy Seaman ''Suntan” trimelolh 
(.085 lb. sq. ft.). The surface density 
of this soundproofing was approximately 
.20 lb. sq. ft. A medium-nap carpet (.15 
lb. sq. ft.) covered the plywood floor. 
The average curve of the "bare” condi- 
tion is seen to approximate the mean of 
the three engine speeds, in spite of the 
erratic nature of the low-frequency re- 
sponse at 2,000 rpm. 

The soundproofed cabin results al- 
ways appear more consistent, and the 
average more dependable than that of 
the bare cabin, probably due to the ab- 

iuterior. Most of the curves presented 
in this series will therefore be the mean 
values of two or three sets of engine 
speeds or cabin locations. 

Inasmuch as the sound cabins are only 
a portion of the length of the average 
commercial fuselage, a lengthening ef- 
fect was attempted by maintaining 
highly absorbent surfaces on the interi- 
ors of the heavy end bulkheads. The 
right half of Fig. 21 indicates the slight 
difference existing in the noise spectrum 
at the centerline of Sound Cabin No. 2 
with bare plywood bulkheads and then 
with the bulkheads covered with 1-in. 
XM-PF Fiberglas (.125 lb. sq. ft.) and 
Seaman “Suntan” trimcloth (.985 lb. sq. 
ft.), totaling the surface density of 0.21 
111 . sq. ft. This bulkhead surfacing in- 
sulation was maintained throughout all 
the early calibration tests. 

The left half of Fig. 22 indicates the 
variation of noise level over the length 
and breadth of Sound Cabin No. 1 at 
seated passenger head height, when op- 
erated adjacent to the PB4Y-2 PS\V 
R-1830-94 engine with several propeller- 
fuselage clearances. Each plotted point 
indicates the average overall noise level 
(db) for seven engine speeds and horse- 
power settings; from 1.600 rpm. and 
500 hp. to 2,800 rpm. and 1,350 hp. The 
overall sound level in the bare cabin 
dropped approximately 5 db at each 
cabin location by increasing the propel- 
ler clearance from -l 1 /-, to 24 in. Simi- 
larly, insulating the cabin with 1-in. 
XM-PF and Snntan reduced the overall 
noise levels by approximately 4 db. 

The right half of Fig. 22 illustrates 
the low-frequency variation and the 
high-frequency consistency found in 
various locations in Sound Cabin No. 1 
when tested near the R-1830-94 engine. 
The insulation snrfaee density of .20 lb. 
sq. ft. permitted the 110 db overall level 
to be reduced to 69 db. at the 1,200- 
2,400 cps. octave band. At 75-150 cps. 


the cabin center was approximately 5 db 

Sound Cabin No. 2 was placed at 5% 
and at 18 in. from the engine operating 

propeller. The noise existing at the cen- 
lerline of the bare cabin in the plane of 

Fig. 23. The overall noise appears to he. 
reduced by 5 db and the total spectrum 
by approximately 3 db in increasing the 
clearance from 7-'s to 18 in. 

An almost similar reduction was noted 
(right half of Fig. 23) in soundproofed 
Cabin No. 1, also adjacent to the same 
PR4Y-2 power plant, by increasing the 
clearance from 12 to 24 in. The surface 
density of the 1-in. XM-PF Fiberglas 
(.125 lb. sq. ft.) and Seaman’s "Sun- 
tan” trim cloth (.985 lb. sq. ft.) was .21 
lb. sq. ft., in addition to the ,032-iuch 
24ST skin density of .479 lb. sq. ft. The 
112 db overall noise level with the in- 
sulation at 12 in. PTC. gave an in- 
tensity in the frequency octave band of 
1.299-2.490 cps. of 76 db at- approxi- 


mately 2.999 rpm. (700 hp./engine) with 
a propeller-rip velocity of 670 ft./sec. 
(Mach number 0.61). 

A different condition exists with this 
same cabin, with identical insulation and 
at 12- and 24-in. PTC. from the XB-32 
power plant. It will be recalled that 
this noise source consists of a Wright 
R-3350-23 engine rotating it 16 ft. 8-in. 
4-blade propeller at a .035 gear ratio. 
At the mean engine speed of 1,800 rpm. 
(1.070 hp./engine) the propeller tip 
velocity was 550 ft./sec. (Mach number 
0 50) and the difference between the 12 
and 24-in. propeller clearances again 
averaged 3 to 4 db, checking the Har- 
vard propeller tip separation chart very 
closely. It is interesting to note the 
quieter operation in the R-3350 engine 
propeller, in spite of its 53% greater 
power, than in the R-1830 noise source. 
At 12 in. PTC. the R-3350 source gave 
107 db overall and 72 db in the 1,200- 
2.400 cycle octave. This acoustical dif- 
ference has been noted by pilots operat- 
ing both Liberator and B-32 type air- 





AVIATIOX, August, 1946 



BEECH PRODUCING 
DELUXE BONANZA FOUR PLACER 



metal Beech 35 Bonania is now in production and sells tor 17 ,345 FAF, Wichita. Powered by 
165-Continental . craft has top speed of 184 mph. fully loaded. Bonanza's direct operating cost. 


Featuring butterfly tail and full equipment as standard, all-metal 
tricycle-gear craft is stated to have 175-mph. cruising speed fully 
loaded with 165-hp. Continental. Especially designed for low operat- 
ing costs. Bonanza has many passenger-and-pilot comfort features. 


E xceptional performance and com- 
pleteness of equipment is claimed 
for the new Beechcraft Bonanza 
(Model 35) all-metal, four place low- 
wing personal plane. Now in production 
at the company plant in Wichita, Kans.. 
the craft has been tagged at $7,345 
FAF. 

Although this price admittedly puts 
the Bonanza in the upper brackets where 
initial cost is concerned, a look at the 
craft’s specifications and operating costs 
(see table) shows that the company is 
offering a full measure to potential cus- 
tomers. 

Powered by a 6-cyl. 165-hp. Conti- 
nental E-165 engine equipped with a 
pressure carburetor and Beech R-100 
electrically variable pilch prop of 7-ft. 
4-itI. dia., the Bonanza is said to have a 
guaranteed top speed at sea level with 
full load of 184 mph. Cruising spent 


(115 hp.) is given as 175 mph. at 10,000 
ft., rate of climb 950 fpra., service ceil- 
ing 18,000 ft., and maximum range at 
105 mph. at 10,000 ft. as 750 mi. Take- 
off with 10 mph. wind takes 425 ft., 
and landing run is 315 ft. Stalling speed 
with 30-deg. daps is said to be 46 mph., 
and without flaps 59 mph. 

Span is 32 ft. 10 in., length 25 ft. 2 
in., and height 6 ft. 6% in. Wing area 
is 177.6 sq. ft., maximum wing loading 
14.35 lb./sq. ft., and maximum power 
loading 15.45 lb./hp. Fuel capacity (two 
wing tanks) is given as 40 gal., and oil 
capacity is 11 qt. Gross weight is said 
to be 2,550 lb., empty weight 1,490 lb., 
and payload with full tanks 780 lb. This 
latter figure covers four 170-lb. occu- 
pants plus 100 lb. of baggage. 

Most prominent feature is the use of 
a butterfly tail, eliminating need for 
conventional rudder and Hu surfaces. 


It’s stated that this innovation shows 
superiority over standard empennage 
from the standpoints of drag, stability, 
weight, economy, and maintenance. A 
conventional dual 3-control system is 
used, with right-hand pedals capable of 
being folded out of the way. Toe brake 
pedals are standard on the left side, and 
throw-over wheel can be adjusted to two 
height positions. Elevator tabs are ad- 
justable by means of a control wheel be- 
low the panel. Further controls are for 
cowl flaps, carburetor temperature, ven- 
tilation and heating, radio, electric land- 
ing gear and flap adjustments, and 
emergency manual landing gear actua- 

Turaover structure consists of deep 
box sections running up each side of the 
windshield to the top, with a branch 
crossing over above the windshield, and 
another running aft above the window- 
line joining similar sections rising be- 
tween the front and rear windows and 
to the rear of the aft windows. A small 
’’bad-weather” panel is provided on the 
left windshield in event of icing. The 
cabin has a large door on the left side, 
and a retractable step facilitates en- 
trance or exit. The windows, which may 
be opened while on the ground for ven- 
tilation, can be jettisoned in emergency. 
Another feature is installation of sun- 
shades which may be adjusted over the 
windows to cut down glare. 

Wing design was chosen on the basis 
of comparative tests involving a laminar 
flow airfoil and a Beech version of the 
NACA 2.3000 series, with the latter 
finally picked for the Bonanza. Banding 
gear is of the retractable tricycle type 
with full-swiveling nose wheel equipped 
with shimmy damper. All wheels have 
Beech air-oil struts, stated to be capable 
of withstanding, landing shock with a 
vertical descent component of over 600 
fpm. Main tires are 6.50x8 and nose' 
wheel is 5x5. AVheels are Goodyear with 
single-disk hydraulic brakes. Main wheel 
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fairing doors close after the wheels are 
fully extended, and open when the gear 
is retracted to close over the wells when 
actuation is complete. The nose wheel is 
fitted with a guard to prevent stones or 
mud from being thrown up against the 
plane or prop. The landing gear is so 
designed that it gives the wing a con- 
siderable angle of attack while at ground 
level, thus facilitating takeoff. 

Equipment listed in the Bonanza’s 
specifications is to be installed in every 
production line model of the craft, and 
performance is based on complete in- 
stallation. Here’s a sectional breakdown 
of standard equipment fitted: 

Electrical and radio- -24-amp.-hr. bat- 
tery; electric motors for wheels and 
flaps actuation; radio receiver with 
beacon, broadcast, and marker recep- 
tion; cabin loudspeaker; rotatable aural 
null loop with orientation dial on instru- 
ment panel; radio transmitter; auto- 
matic retracting trailing antenna; mark- 
er beacon antenna ; and microphone and 
headset. 

Flight and engine instruments — 
Eclipse-Pioneer airspeed indicator, turn- 
and-bank, rate of climb, and compass; 
Elgin 7- jewel sweep-second clock ; modi- 
fied C-12A outside air temperature gage; 
Eelipsc-Pioneer tachometer, manifold 
pressure gage, and engine cluster unit 
consisting of fuel pressure, fuel quan- 
tity, oil temperature, oil pressure, am- 
meter. and cylinder head temperature 



windshields and windows; soundproof- 
ing: full upholstery, including’ wall-to- 
wall rag; loudspeaker; four adjustable 
sunshades; map and glove compart- 
ments; four ash trays; cigarette lighter; 
“bad-weather” window for left pilot; 


adjustable and jettisonablc rear win- 

Engine equipment — Deico-Remy 2514 
starter, 25-amp. 1656-25 generator, 

6221-25 voltage regulator; Cutler-Ham- 
mer 6041H105 battery relay; Carter 
112-22 fuel pump ; Beech carburetor air 
filter, stainless steel mufflers and cabin 
heaters, stainless steel exhaust mani- 
folds: and B-ll vacuum pump, vacuum 
regulator, and oil separator. 

Where uames of equipment makers 
axe not given, this information was not 

Before the Bonanza was put into pro- 
duction. a very extensive program of 
prototype testing was carried out by 
Beech. Two ci*aft were built utilizing 
different airfoil sections. Prior to flight 
tests under all types of conditions, all 
the structural components of both craft 
are stated to have undergone fatigue 
testing the equivalent of 20.000 flying 
hours in addition to noraial static tests 
required by CAA. Later, three produc- 
tion model planes were flown night and 
day on accelerated service tests. These 
included rough-field landings and take- 
offs and operations during all types of 
weather. Alternate crews and pilots are 
said to have kept the craft flying the 
maximum possible time during this 
proving period. That this unusual pro- 
gram has proven its worth is uuliented 
by the manufacturer's statement that 
all performance figures are guaranteed 
within 3«f. 
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“Nothing rolls like a ball " 

NEW DEPARTURE 


Ball Bearings 
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Lockheed Enters Saturn 
In Postwar Feederline Race 


Company proving speedy 14-place high-wing short hauler featuring 
payload versatility and design for easy maintenance. 


L atest feederliner to take to the air 
is Lockheed’s new all-metal twin- 
engine Saturn, now undergoing 
CAA flight tests requisite to obtaining 
an Approved Type Certificate. 

Pour major features are stated to 
mark the new craft — special design for 
ease of maintenance, extra power 
through use of jet thrust from engine 
exhaust gases, use of a low-drag laminar- 
flow airfoil section, and utilisation of a 
new lightweight aluminum alloy. 

Noteworthy is the Saturn’s high wing, 
which should provide passengers with 
good visibility. Span is 74 ft., length 
51 ft. 6 in., and height 19 ft. 10 in. The 
cabin is said to he but 34 in. from 
ground level, and loading and unloading 
is further facilitated by installation of a 
retractable tricycle landing gear, with 
dual main wheels. 

Powered by either 800-hp. 7-cyl. 
\V light Cyclones, or (iOO-hp. 9-cyl. Con- 

type Acroproducts props, the Saturn 
is stated to be able to carry 14 passen- 


gers or 3,000 lb. of cargo at a cruising 
speed of over 200 mph. on 60% power. 
Top speed is over 250 mph. and takeoff 
distance 1,500 ft. At 16,000-lb. gross 
weight, climb is 1,325 fpm., and the 
craft's one-engine ceiling is given as 
15,000 ft. 

Interchangeability is Highlight 

Designed for economical and profita- 
ble operations covering smaller com- 
munities, Lockheed bore in mind the 
necessity of the Saturn having to com- 
pete successfully with war surplus air- 
craft. Maintenance features include in- 
terchangeability from left to right of 
main landing gear, landing gear doors, 
power plants, engine cowlings, elevators, 
tabs, and wing flap assemblies. The en- 


tire nose cone can be swung aside, pro- 
viding access to all controls and the 
instrument panel for a mechanic stand- 
ing on the ground. In addition, the 
Saturn has a movable cabin bulkhead 
between passenger and cargo compart- 
ments which is said to permit expeditious 
proportioning of payloads for any given 
flight. Individual passenger seats are 
upholstered, hammock-type chairs con- 
structed of tubular steel, and each one is 
located by a window of generous pro- 

Lockliccd started working on the 
Saturn two-and-a-half years ago, but 
military commitments delayed comple- 
tion. Present plans call for export sales 
as well as domestic marketing. Produc- 
tion schedules are aimed at output of 
one Saturn daily in 1947. 
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Last-Ditch Jap Warplanes 
Undergo AAF Scrutiny 

Now being evaluated by U. S. technicians tor any design advantages that might be used by our indus- 
try are craft Nips were readying for action when V-J Day came. Staff photos depict little-known low- 
speed Lorna, heavily-armed Randy, and long-range Patsy, latest in our last enemy's arsenal. 
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CHICAGO AND SOUTHERN’S DC-4 DIXIELINERS 



ENGINEERS AND BUILDERS OF OIL 
HYDRAULIC EQUIPMENT SINCE 1921 


Hydraulic equipment on Chicago and Southern’s new 50-passenger 
DC-4 Dixieliners includes the Vickers 3000 psi units shown here. 
The Vickers Piston Type Pump has a maximum recommended 
operating pressure of 3000 psi and maximum recommended 
1 speed of 3750 rpm at which the horsepower output is 1 3.3 hp. 
As the pump weighs only 6.8 lb, it has the exceptionally low 
weight/horsepower ratio of only 0.51 lb per hp. The volumetric 
efficiency and the overall efficiency are very high. 

The Vickers Unloading Valve is used with Vickers Accumulators 
to accurately control maximum and minimum hydraulic system 
pressure regardless of flow rate. It functions as a pressure 
regulator, automatically unloading the pump as the accumulators 
reach a predetermined maximum pressure. 

The 7'A“ Vickers 3000 psi Accumulator has the high volume/ 
weight ratio of 1 3 cu in. per lb. Maximum capacity is an impor- 
tant feature. 

Write for a copy of Vickers Bulletin 45-41 for additional infor- 
mation about the most complete line of 3000 psi hydraulic equip- 
ment for aircraft. 

VlCKERt Incorporated 

1442 O ARMAN BLVD. • DETROIT 32, MICHIGAN 
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SKETCHBOOK OF 




Vertical fin of Grumman F6F 
can be removed from aft fusel- 
age by removing five bolts; four 
near the trailing edge and one 
near the front. 


ed view of left main landing wheel 
mman F6F Hellcat. Hydraulic cylin- 
actuates gear through both forward 
shaft (B) and linkage (C); and aft 
shaft (D) which drives upper drag 
strut (E) by means of spline (F). During rear- 
ward retraction wheel rotates 90 deg., the 
furn being imparted by ratchet (G). 
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For help in selecting and applying the non-metallic that will give 
you what you want in more effective insulation, let a C-D 
technician work it out with you. Make use of our research and 
engineering facilities which for half a century have kept up 
with the rising standards of product performance. 

The right time to decide what material to use is while your 
product is in the planning stage . . . before blueprints and de- 
tailed specifications are completed. Save yourself costly errors 
in production and performance by knowing in advance the non- 
metallic that best meets your required electrical and physical 
properties. 

As a starter, send for our new Bulletin GF-46 
which contains engineering data on the complete 
line of C-D insulating materials. 
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Avro Lancaster spars are built up of trapezium-shaped ex- 
truded milled booms attached by nickel chrome and steel 
bolts to flat web alclad plates with sloping shape of booms 
conforming to top and bottom wing curves. Sketch at 
upper left shows details, looking aft, of front spar joint at 
center section and outer panel, with landing gear support 
beam at (A); web joint plate (B); engine rib (C); outer panel 
spar web (D); reinforcing plate (E); and steel shackle (F). 
Top center sketch shows same area, but looking forward, 
with engine rib at (A); steel shackle (B); reinforcing plate (C): 
outer panel spar web (D): and boom joint pin (E). Sketch 


at upper right is joint of top front spar boom to fuselage, 
with spar web (A): boom (BJ; web joint plate (C): fuselage 
formers (D); stringer attachment angle (E); stringer (F); 
gusset plate (G); shoe plate (H); stringer (I); stringer bracket 
(J); stringer bracket (K); and stringer and stringer bracket 
(L)' and (M) respectively. Lower left sketch shows lower 
boom-to-fuselage joint, looking forward, with floor bottom 
[A); stringer |B): shoe plate (C); gusset plate (D); stringer (E); 
fuselage longeron (F): longeron bracket (G): and strap plate 
(H). Lower right is same looking aft,, with longeron bracket 
(A): stringer (B); strap plates (C); and floor top (D). 
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FROM SHADOW TO SUBSTANCE-a transition by SIRVENE 


The development of a pliable part to do a com- 
plex job may first exist as a somewhat shadowy 
conception in the mind of a design engineer. 
Or, it may be deadlocked by seemingly insur- 
mountable problems. At this embryonic stage, 
Sirvene engineers can formulate and perfect 
the special mechanical elastomer necessary to 
substantiate the designer's idea. 

In designing and developing a pliable part to 
fulfill your particular need, every operational 
condition and reguirement is considered. It 



"ENGINEERING WITH SIRVENE" . . . gives basic Information 


will possess the exact elasticity, hardness, and 
resistance to dryness, age, temperature extremes, 
oil, chemicals, water or other solvents required 
for perfect dependable performance. Manufac- 
tured under laboratory controlled production 
methods, subjected to constant tests to main : 
tain precise uniformity, and to a rigid two-fold 
final inspection, Sirvene products are guaran- 
teed to meet your specifications. 

Sirvene engineering and development serv- 
ice is always at your disposal. 
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new volume 

IN A STORY OF 

Famous Firsts 


remarkable list of Wright-pioneered engineering develop- 
ments have come the first engines with reliability for ocean 
crossings, first with power for tonnage transport, first with 
economy for practical long-range flight, both commercial 
and military. 

Today, newly moved to the modern Wood-Ridge plant, 
Wright research turns to the next major developments of 
air transport — short-haul and ultra-long-haul operations. 
The story of Wood-Ridge began with Cyclone 18 production 
for the biggest planes now in use. The new volumes to come 
will tell of power pioneering for every need of transportation 
and national leadership in the air. 


AERONAUTICAL CORPORA 

WOOD-RIDGE, N. J 
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SIMPLIFIED CONSTRUCTION PLUS WEIGHT REDUCTION 
KEYNOTES NOVEL HIGH-HP. WOOD CONTRA-PROP. 



Fig. 1. This three-quarter front view of Aeromatic high-hp. Il/s-ft. propeller shows two 
counter-rotation. Visible on blade flange is bracket and weight tor pitch motivation. 


D esigned for a craft powered by a 
2,500 hp. engine affording a 
speed of over 400 mph., Koppers 
Co., Bartlett Hayward Div.'s new 
ll’/ij-ft. 8-bladed Aeromatic propeller — 
two 4-bladed contra-rotating tandem 
units (Fig. 1) — features notable light- 
weight and simple makeup details. 

Hubs used in the dual-rotating as- 
sembly consist of a rear unit bored and 
splined to fit a No. 70 SAE spline shaft, 
and a front unit splined to fit an SAE 
50 shaft extending through the hollow 
70 spline shaft. Except for differences 
in spline shaft size, front and rear hubs 
are identical. There is no translation 
member or any connecting link between 
the two hubs, and the rear hub is fitted 
with a housing which covers the thrust 
bearing between the two shafts. Fig. 2 
is a frontal view of the hub which de- 
picts its general outline and indicates 
the manner of finishing the original solid 
chrome-nickel-molybdenum steel billet. 

Prop’s hub has been bored straight 
through for each blade socket and also 
bored through the center for the inser- 
tion of spline sleeve welded at the front 
and rear faces of the hub by atomic 
hydrogen welding process, thus blending 
it into the hub structure in as strong a 
section as though it had been cut from 
the original billet. A face is machined 
on each side of the spline sleeve in the 
center of the blade socket to receive in- 
nerjoumal bearing bosses and a positive 

To simplify the structure of the hid) 
shell and provide a simple means of 
synchronizing the movement of all 
blades, a boss is machined between each 
blade socket. Fitted with studs, this boss 
positions a small gear internally between 
the toothed flanges which retain the 
blades, thus movement of all blades are 
synchronized. Xu addition to showing 
the synchronizer boss, Fig. 3 also depicts 
the buttress threads, on the inner rim oi 
each blade socket, which receive the blade 
retaining nut and secure the blade as- 
sembly in the hub. No further mechan- 
ism is applied to the hub other than the 
synchronizer gearing, suitable seals, and 
blade thrust bearing. 

Electrical or hydraulic pitch-change 
mechanism is elim i nated. A lag angle is 
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others, have successfully used our engineering, de- 
signing and manufacturing experience to solve their 
power transmission problems. 


This experience, gained in over SO years of service to 
Western industries, is available to you. Call, wire or 
write the nearest of our three West Coast plants for 
engineering counsel and service. 


PACIFIC GEAR 
A TOOL WORKS 



PAC1FI 



ESTERN 



s ANGELES. IY 




AVIATION, Aucnst, 1 





RETAILS Belongs on the drawing board of 
cver y Architect, Artist, Engineer, 
Draftsman and Designer 

A. W. Faber-the most important name in pencils since 
1761— now brings you the famous assortment of The 
WINNER thin lead colored pencils. Packed in a swing- 
type box for fingertip convenience, The WINNER offers 
all the qualities that have endeared it to pencil craftsmen 
the country over... breath-taking brilliance, insolubility in 
water (prevents finger marks on your drawings), easy 
sharpening, crayon practically as strong as lead in your 
black lead pencil. Even sharpened to a needlepoint, it 
stands up when you bear down. If your Dealer doesn't yet 
have his supply, write to A. W. Faber, Inc., Newark 4, N. J. 


handy < 
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, 12 most popuwf 
colored 


100 


AVIATION, August, 


AVIATION'S 

ENGINEERING 



SHEET NUMBER 

CLASSIFICATION 

SUB CLASSIFICATION 


D-36 

Materials 
Hardness Scales 


Comparative Hardness Tables: 
Rockwell, Scleroscope, and Brinnell 



I J 
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Unknown Gallons 


'T* HE EDISON LIQUID QUANTITY GAGING SYSTEM tells 
-*■ exactly how much fuel is aboard, at all times, 
under all conditions. It eliminates the need for carry- 
ing unknown gallons of extra fuel. It is equally useful 
for all other fluids carried, including water. 

This system is the simplest, lightest, most accurate 
means for measuring liquid quantity yet devised. It 
operates on the capacitance principle; measures mass, 
rather than volume. Readings are independent of 
temperature and can be made accurately, regardless 
of altitude or attitude of the airplane. 

The heart of the Edison Liquid Quantity Gaging 
System is a scientifically-designed tank element, as 
shown above. Each element is tailor-made to suit 
the exact shape, size, location, and angle of installa- 
tion of the tank, and the fluid being measured. In 
addition, Edison designs all tank elements to have the 
same maximum capacitance, and identical straight- 
line relationship between capacitance and amount of 
fluid in the tank. 

This means that all transmitters and indicators are 
completely interchangeable. Thus, in operation of 


any type of airplane, or fleets made up of several 
types, maintenance stocks and costs are at a minimum. 

This tank-element design, coupled with proper 
placement in the tank, gives accurate gaging under 
all conditions. The rest of the Edison system is made 
up of a simple one-tube transmitter and a moving- 
magnet ratio gage indicator. The complete system can 
weigh as little as 5 lbs. per tank; operates on 28 volts 
with power drain of only 12 watts. 

The Edison Liquid Quantity Gaging System can 
help your planes carry extra payload in safety. For 
further facts, write for Edison Publication No. 3008. 
It describes the system, tells how it operates, gives 
design and installation details. Address Instrument 
Division, Dept. B, Thomas A. Edison, Incorporated, 
West Orange, New Jersey. 
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By ELTON H. BROWN. JR. 

Reghtered Patent Agent 
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WHATTA PEACH— 
SHE’S A 

BEECH! 


Say, you'll be up in the air in more 
ways than one when that new Beech 
of yours goes humming down the 
runway! 

If you’re one of those modern- 
minded executives who knows that an 
airplane is good business, we’re all 
for you. For our business is doing 
business with folks like you. 

So — wherever you fly in the great 
MiddleWest, you’ll find fields display- 
ing the Orange-and -Black "66” Shield. 
That "66” stands for the finest pos- 
sible in aircraft fuels and lubricants 
They’ve been developed and distrib 
uted by one of America’s most 
minded companies, for an ever-grow- 
ing air-minded public. The Aviation 
Department, Phillips Petroleum Com- 
pany, Bartlesville, Okla. 



Aviation Gasoune 
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THE AVIATION 


Bikini Drop Achieves Experts' Expectations; 
Senate Allows CAA Repairs in Budget Boost 

. . . Air shows body formed . . . More big fields seen 
in airport act amendment . . . CAB probes Constella- 
tions; XB-42 design cleared . . . Compile 'copter 


Results of “Able Day” at 
Bikini were all that conserva- 
tive experts expected, but op- 
timistic advance billing by 
Army and Navy press agents 
resulted in public disappoint- 
ment which will play directly 
into the hands of mossback 
militarists resisting the prog- 
ress of aviation. 

Many observers believe that 
U. S. prestige has been dam- 
aged by the big show, with 
representatives of many other 
countries in ringside seats. 
Secret, progressive testing of 
atomic warheads for all types 
of missiles would have served 
the country's interests much 
better, in their opinion. Such 
tests would have helped to 
establish the true balance be- 
tween air and sea power— in- 
formation of high value in the 
country's safety. 

As it is, unification of the 
armed services, much desired 
by the AAP, will be further 
obstructed by the battleship 
admirals, who will also use 
every means to win support 
of them hierarchy at the ex- 
pense of aviation and flying 
missiles. Even the potential- 


* COMING UP * 



ities of nuclear explosives 
against land forces and instal- 
lations has been in some de- 
gree discredited. 

Vice Adm. Wm. H. P. 
Blandy, commander of Oper- 
ation Crossroads, and his en- 
tire staff, are aclaimed in all 
quarters for the precision, 
thoroughness, and safety with 
which they did the job. Their 
careful and skillful arrange- 
ment seems to have yielded 
all information possible in one 
test, and more will be coming 

It was the public who ap- 
proved the big-top act instead 
of a quiet intensive research 
program. Plenty of people 
think the public was wrong. 



Senate Allows CAA Repairs 
In Budget Boost 


Senate Appropriations Com- 
mittee, acting on Commerce 
Department's 1947 budget, ap- 
proved a total for CAA of 
$129,671,302, or nearly twice 
the $66,210,582 which had been 
allowed by the House. Largest 



item added by the Senate 
Committee was $55,000,000 for 
airport development. CAB re- 
ceives $2,332,000. CAA tenta- 
tively won its battle with air 
service industries over its plan 
to procure war-surplus parts 

231 war-surplus airplanes. The 
Senate committee restored 
the $300,000 cut by the House 
from funds for the purpose, 
and wrote in an authorization 
for CAA to do most of its own 

A non-profit organization, 
called National Aircraft 
Shows, backed by U. S. avia- 
tion industry and the armed 
services, has been set up to 
produce two comprehensive 
official aviation shows yearly 
as a means of demonstrating 
aviation’s strides to the Amer- 
ican public. (See Coming Up 
for first show). Located in 
Rm. 7318, Empire State Bldg., 

new body has cooperation and 
sanction of Army, Navy, Ma- 
rines, CAA, NACA, NAA, Air 
Force Assn., Air Power League, 
NATA, ADMA, ATA, and AIA. 
It's stated that a joint com- 
mittee composed of above 
groups will also screen, sanc- 
tion, and aid other worthy ex- 
hibitions. Leon Shloss recently 
resigned his position as pres, 
of Aviation Writers Assn, to 
become NAS public relations 
director. 

More Big Fields Seen 
In Airport Act Amendment 

A bill before Congress would 

federal airport act so that 
part of the money could be 


spent on construction of class 
‘ d 5 airports. Main objec- 
of the act was to provide 
ll fields for the stimulation 
rivate and feederline avi- 
l. It was thought that 
Army, Navy and CAA war- 
built surplus fields would meet 
all requirements for ah’ trans- 
port. But it was found later 


CAB Probes Constellation; 


International airline serv- 
ice was badly, though briefly, 
interrupted by sudden CAB 
order grounding all Lockheed 
Constellations for 30 days, fol- 
lowing crash by a TWA train- 
ing craft. Tres. Robert E. Gross 
immediately issued the follow- 
ing statement: “In conjunc- 
tion with CAB. Constellation 
airplanes have temporarily 
been withdrawn from service 
following an airplane crash 
which occurred during a rou- 
tine crew training flight at 
Reading, Pa., on July 11. This 
company is now conducting an 
investigation into the cause of 
the accident in full coopera- 
tion with CAB." On with- 
drawal of "Connies", most air- 
lines immediately revamped 
schedules around DC-4s and 
soon had services nearly back 
to normal. BOAC, expecting 

made no substitutions. 

Shortly afterward, AAF an- 
nounced no evidence of struc- 
tural failure or Inherent flaw 
in design had been found as 
result of investigation into 
crash of Douglas XB-42 Mix- 
master last December. Air- 



RECON 

:est flight, this 




Q/l/coa yJfut/tinum . . .AND A 

BALMY DAY IN JUNE, 7 MILES UP 

First, these facts: Ram temperatures ereateil by air im- 
pact at 500 m.p.h., raise cabin temperatures about 40 
degrees. Cabin supercharging accounts for a further rise. 
Sun’s «S?s and other factors add more heat. Total, 
aroun^ loO degrees. To cool cabins, giant airliners arc 
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pressed by the know-] 
department. You're seeing nearly a quarter 
of a century's experience going into that 
production. 

Designers, builders and users are invited to 
investigate what American Magnesium's high 
quality castings will do for their products. 

Ask the nearby Alcoa office. Or write 
Aluminum Company of America, Sales 
Agents for American Magnesium products, 
1713 Gulf Building, Pittsburgh 19, Pennsylvania. 


AMERICAN MAGNESIUM CORPORATION 

SUBSIDIARY OF 

ALUMINUM COMPANY OF AMERICA 
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3W VARI-COOLED 
opposed engines by Jacobs 




JjffiMK, builder of workhorse rad 
Coptics for two decades, announi 
four new opposed engines: 

0-240A, 4 cyl., 100 hp, air cooled 
0-240L, 4 cyl, 100 hp, liquid cooled 
0-360A, 6 cyl., 165 hp, air cooled 
0-3EOL, 6 cyl., 165 hp, liquid cooled 
THE FLAT SILHOUETTE with sm 
frontal area fits snugly into narr 
nose or shallow wing nacelles. 
THE EXTENDED NOSE CASE alio 


LIQUID COOLED MODELS employ high- 
velocity negative-drag type buried 
radiator — particularly advantageous 
for submerged installations! 

FUEL INJECTION cancels hazards of 
carburetor icing ... eliminates danger 
of engine stall during glide or idling 
. . . distributes fuel equally to every 
cylinder . . . reduces cylinder head 
temperature for longer engine life! 

For the aircraft designer and 
manufacturer, these four new Jacobs 
opposed engines allow advances in 
small plane design not feasible with 
:s. Seethematthe 
si Aircraft Show 
Ihlo... November 15-24 
ira/i Engine Company 


ACOBS 


Pottstown, Pa. 


its 
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Globe AIRCRAFT builds the Swift as a 
business man's plane, stressing the rugged 
stability of the Swift for the all-weather 
airworthiness needed to “fly for profit.” 
For this plane, produced to set new dependa- 


bility records, Globe engineers specify Auto- 
Lite wiring for both high tension and low 
tension circuits . . . proof of the preference 
for Auto-Lite where unfailing performance 
is a “must.” For complete information on 
the many types of Auto-Lite Wire and Cable 
available for aircraft, write to 


SARNIA, ONTARIO 


THE ELECTRIC AUTO-LITE COMPANY 
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Non-Scheduled Carriers Battle CAB Rule; 
Charge Airlines With Exorbitant Mail Rates 



The Institute of Air Trans- 
portation. representing scores 
of non-scheduled air operators, 
mostly war veterans using war 
surplus airplanes, has charged 
that the certificated airlines 
hold a monopoly in their field; 
attacked proposed non-sched- 
ule control by CAB; and asked 
Congress to investigate and 
possibly cancel airmail con- 
tracts so that non-scheduled 
operators, who prefer to be 
called “fixed base” operators, 
can participate in mail trans- 

IAT, which presently repre- 
sents more than 70 fixed base 
companies, also asks that, 
pending Congressional hear- 
ings, its members be permitted 
contract with rail and steam- 
ship lines for carriage of mail, 
passengers, and cargo. Thus 
IAT at least wins the moral 
support of a group strongly 
opposed to the regular airlines. 

lAT's resolution, submitted 
by its president, Lawrence J. 
Carr to CAB, to Congress, to 
Mr. Truman, and other fed- 
eral agencies, suggested that 
fixed base carriers be allowed 
20 round trips per month or 
500 hr. flight, whichever is 
greater, carrying passengers 
between any two points served 
by scheduled airlines, with no 
restrictions on cargo except 
those relating to fair competi- 

CAB recently issued a defi- 
nition of non-scheduled serv- 
ice. and proposed an amend- 
order (which for years has 
suspended economic control of 
fixed-base operations) limiting 
flights between two points to 
10 per mo. Operators making 
more than 10 flights would be 
required to apply for certifi- 
cates, which of course might 

IAT's resolution also stated : 
That existing airline certifi- 
cates do not authorize carriage 
of freight as such; that air- 
lines are receiving exorbitant 
rates for carrying mail and 
that fixed-base operators could 
carry letters for 3« at a profit; 
that air parcel post service 
should be carried immediately 
by fixed-base services; that 
CAB'S proposed amendment to 
the exemption order will pro- 

fixed-base operators and force 
them to close down. Scheduled 



airlines are preparing to de- 
fend their position. 

CAB Certificates Feeders 

Acting under the govern- 
ment's established policy of 
expanding local aviation serv- 
ices, CAB is rapidly certificat- 
ing new operators. The seventh 
feeder carrier to be awarded 
routes was E. W. Wiggins Air- 
ways. a pioneer fixed base op- 
erator since 1930 at Norwood. 
Mass., to serve six northeast 
and New England states. 

In this fourth of 11 sched- 
uled regional proceedings, 
CAB ruled out four proposed 
helicopter services, declaring 
available equipment does not 
have capacity to do the in- 
tended job. 

CAB examiners R. I. New- 

recommended certification of 
nine operators in a vast exten- 
sion of services covering 14 
southeastern states. Five trunk 
air systems would participate 
in this award if CAB approves 
it Zimmerly's Empire Air 
lines, recently certificated in 
Idaho, Oregon, and Washing- 
ton, will be among the first 
feeder systems trying to dem- 
onstrate feasibility of shortline 
operations. 

Senate May OK Convention 

Senate has agreed to con- 
sider the Convention on Inter- 
national Civil Aviation, writ- 
ten at Chicago in 1944, for 
Owen Brewster (Maine) asked 
that action be postponed till 
next year, because ratification 
would seem to indicate Senate 
approval of the President's 
“freedom of the air” policy, 
and because the temporary 
PICAO is scheduled to con- 
tinue meeting till Dec. 1947. 
Mr. Truman, asking for Senate 
action, said the Chicago con- 
vention does not cover contro- 
versial commercial rights; 
these are to be settled through 
bilaterial international agree- 
ments negotiated by the Ex- 
ecutive. He will continue such 
agreements, such as the one 
consummated at Bermuda. 

Several weeks ago the Sen- 
ate Commerce Committee, by 
a vote of 17 to 1, declared the 
Bermuda and Anglo-American 
commercial air rights agree- 
ment illegal, arguing such ac- 


tion could be taken only by 
CAB or by treaty. Now. At- 
torney General Tom Clark has 
ruled that the agreement is 
legal, in conformity with the 
Act of 1938, and in conformity 
with the Constitution, which, 
he says, does not require that 
such agreements take treaty 
form. It is contended by au- 
thorities in Washington that 
only the Senate Foreign Rela- 
tions Committee, not the Com- 
merce Committee, would have 
the right to take a resolution 
on this matter. Meanwhile the 
Bermuda agreement remains 

Top 100,000 Mi. 

U. S. overseas certificated 
airways now total 127.611 mi. 
operated by eleven companies. 
The Latin American awards 
by CAB contributed 18,000 mi. 
to this total. The decision gave 
Braniff 7,310 mi.. Chicago & 
Southern 3.704, Eastern 1.968, 
Panam 1,612. Of 9,013.375 mi. 
scheduled weekly by 163 com- 
panies in the world, V. S. do- 
mestic lines alone fly 4,919,- 
841, and U. S. overseas lines 
fly 958,192. Figures on non- 
scheduled operations are not 
•available. Russia is not in- 
cluded in the compilation. Five 
U. S. airlines exceed the miles 
flown of BOAC, largest foreign 

House passed, and Senate 
Appropriations Committee ap- 
proved. allocations of S49.000,- 

000 for foreign airmail 
payments in the coming year. 
The items are included in Post 
Office budget for 1947. These 
allocations, probably under ac- 
tual requirements, will be sup- 
plemented by the usual defic- 
iency requests. Foreign pay- 
ments can hardly be estimated, 
because rates have not been 

potential volume. 

Route Fight Grows Bitter 

An unusually bitter contro- 
versy developed around the 
Boston-New Orleans case 


hearing before CAB, seeking to 
establish an additional route 
competing with EAL and AA 
along the Atlantic Coast. 

cants, including several cer- 
tificated carriers, one of which 
is PC A. Eastern and PCA, at 
healings, charged each other 
with unethical attempts to in- 
fluence communities along the 
coast, 35 of which had re- 
quested additional service. 
PCA wan‘s to add links which 
would complete a trunk line 
to New Orleans. Among the 
contenders is Sam Solomon's 
Atlantic Airlines. 


* CROSS COUNTRY * 
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Utmost Reliability our goal 

What ceramic spark plugs have done for avia- 
tion is closely parallel to what AC has done for 
ceramic spark plugs. 

Cooperating in the development of the famous 
Liberty engine of World War I, AC developed 
and built the first ceramic aircraft spark plugs ever 
produced, achieving a new high in reliability. 
Having thus demonstrated the principle, AC 
engineers made utmost reliability their goal. The 
most recent proofs of the attainment of this goal 
are the group flights of B-29’s non-stop from 
Japan to Chicago and Washington, D. C. And 
the exceptional flight of a single B-29 from 
Guam to Washington, D. C., a new world non- 
stop distance record of 8198 miles. All were 
equipped with AC Ceramic Aircraft Spark Plugs. 
The development of AC Ceramics still goes on 
— in all seasons and climates — in the wearing 
routine of commercial planes — in the endless 
research of AC’s scientific laboratories. 
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THE STAKES. . . 

A Box of Corona-Coronas, 

A Couple of White Broadcloth 
Shirts, 

or . . . don’t make it too stiff! 

THE BET... 

That, if you agree to give one of our 
Carilloy specialists the opportunity of 
cooperating with your metallurgical 
and shop people, he will be able to 
recommend changes in your utiliza- 






WHY WE'RE PRETTY SURE 
OF OURSELVES .. . 


(a) Because, in most cases where our 
Carilloy specialists have been invited 
to analyze a manufacturer’s metal- 
lurgical problems, they have been able 
to suggest changes in alloy steel specifications or 
in shop procedure which saved the customer 


(b) Make possible important savings in produc- 
tion cost, without imparing quality or performance, 
and that, if he fails to make good on one or the 
other of these points ... we lose, and you collect. 
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CLEAR NITRATE DOPE 

Cuts Your Finishing Costs! 

f, Glidair AK-300, because it is high in "solids,” gives faster "build;” saves two to 
8 three coats per job. 







THE GLIDDEN COMPANY 
AIRCRAFT PRODUCTS Distributed by 



GLIDAIR FLYING COLORS 


AUfy Gl idden 'AL&nalez LkEuh 
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" Lucite ” means lastin g clear vision . . . 



Beech Aircraft’s “Model 35" uses “LUCITE" 
for windows, door, windshield 
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KEEP POSTED ON 

Produets and Practices 


'tTOIPl) This selected information on new publications and products is 
— offered by the "AVIATION" Reader's Service through cooperation 
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Ryerson Ingenuity 

Provides Service 

"Delete Steel S^xita^ef 


It is true that today many kinds and sizes 



RYERSON STEEL 




iSSS 


SSiiits 



HSiiii 


(gfe&Mag 


• ilk'iJ’i, S? 2ErtS8ttJF&- t R 


mgmm 






iraliii 

gi|i5 ¥m 


mmmm 


mmmsi 



WYMAN- CORDON 

Forgings of Aluminum, Magnesium, Steel 
WORCESTER, MASSACHUSETTS, U. S. A. 
HARVEY, ILLINOIS - DETROIT, MICHIGAN 


foremost m scientific development 

In the realm of forging design and the devel- 
opment of proper grain-flow, Wyman-Gordon 
has long pioneered and has originated many 
forging designs which, at the time of their 
development, were considered impossible to 
produce by forging. 
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The Difference Between 
"We Think So” and 
"We KNOW So” 


...are Engineered for Application in 
this Stalactite Acoustical Chamber 


In this completely soundproof room, asymmetrical walls and carefully designed moss- 
in/erval baffles effectively reduce troublesome resonant harmonics and reflected sound 
to an insignificant value. Response curves are plotted which represent true perform- 
ances so that Permoflux engineers can say "We Know So." Its use at Permoftux is 

Permoflux Speakers provide the finest possible sound reproduction. 

SEE US AT THE CHICAGO TRADE SHOW— BOOTH 32 



PERMOFLUX CORPORATION 


4900 WEST GRAND AVE., CHICAGO 39, ILL. 
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THE CLEVELAND PNEUMATIC TOOL CO., Cleveland 5, Ohio 

DISTRIBUTORS IN PRINCIPAL CITIES AND FOREIGN COUNTRIES 
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Announcing . . . 

REFRASI 



... a new insulating material 


• Withstands service temperature oi 2000° Fahrenheit — 
flash peaks 300° to 400° higher • Is non-corrosive • In- 
combustible at any temperature • Unaffected by moisture 

• Non-sustaining to fungi or vermin. 

Developed through the combined efforts of Owens-Corning 
and our own engineers, Refrasil fills a long felt need for 
light-weight insulation at points of extremely high temper- 
ature. In fact, Refrasil is currently being used on jet motor 
exhausts which develop higher temperatures than are 
found at any point on a conventional plane. 


Refrasil insulation is available: l.ln prefabricated blankets 
for application in your own plant. 2. In prefabricated boots 
or covers built up to your requirements in our plant and 
shipped to you ready to install. 3. Prefabricated and ap- 
plied to your parts in our plant. 

Engineering data and counsel on specific insulating problems are 
available to you without charge. Your correspondence is invited. 
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THE COLLINS 18S-1 transmitter-receiver is engineered for 
highest performance in aviation communications. It is specifically 
designed for commercial airlines and executive aircraft. Reflecting 
years of experience and proved dependability in the field of aircraft 
radio, the 18S-1 is new in every respect, and has performed superbly 
under flight tests. 

Ten channels, with twenty crystal controlled frequencies are 
available for transmission between 2.5 — 10.0 me. Power output 
from the transmitter is more than 100 watts. The receiver is con- 
trolled by a separate group of 20 crystals, and does not necessarily 
operate on the transmitting frequency. Quick, automatic frequency 
selection is provided, with all circuits tuned and ready to operate. 
Remote control encourages locating the unit with respect to proper 
weight distribution within the plane. The 18S-1 works into a 50 ohm 
transmission line. 

A single l'/j ATR unit cabinet contains transmitter, receiver, 
and dynamotor power supply for the transmitter. The receiver 
operates directly from the 26.5 volt d-c source. The entire weight, 
including shock mount, is 60 lbs. 

The first group of these equipments is scheduled for delivery 
to airlines in September of this year. Write today for further 
information. 

Collins Radio 


-IN RADIO COMMUNICATIONS, IT'S.. 



antenna loading unit efficiet 
power output from the If 
lard commercial fixed anter 

is provided. The nominal in 
. 50 ohms. Weight, 10 lbs. S 
' d, 12" 1. 
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AND BOOTH CONFORMS 
AGAIN AND AGAIN! 


Yes, Booth meets specifications for 
cut felt parts precisely . . . often to tol- 
erances usually associated only with 
metals. On re-orders, felt parts are 
duplicated exactly. 

We're specialists in uniformity of 

grade nnd cutting and your order, 

small or large, receives our interested 
attention. 

APPLICATION CHART AND 

of S.A.E. felt types, with sped ft- 
cation tables. Write for it. (No 


THE BOOTH FELT COMPANY 
482 19th Street Brooklyn 15, N. Y. 

745 Sherman Street Chicago 5, 111. 



PRECISION CUT 
FELT PARTS 


ganizatlons recently met i.i Sc. Louis to 
form The Greater St. Louis Aviation 
Operators' Assn., including all phases 
of aircraft operations except scheduled 
lines. Clyde E. Brayton, Braytou Flying 
Service, was elected president. 


Seventh Region — Portland, Ore., will 
soon have combined sea and air base in 
Columbia River alongside Jantzen 
Beach with 30 x 60 ft. float for sea- 
planes. Card Safley Is developing the 
$500,000 project. . . . For first time since 
its completion, Seattle-Tacoma airport, 
at Bow Lake is being used for practice 
landings by private aircraft to relieve 
congestion at Boeing Field. . . . Peter 
Vanguard, who heads Vanguard. Inc., 
manufacturer of jams, jellies, and ex- 
tracts. has begun a $1,000,000 air "Sky- 
life" country club, to be located 15 min. 
from downtown Portland, Ore., and to 
provide housing for fully 500 airplanes. 

. . . Several Seattle aircraft distributors 
are planning establishment of sub-as- 
sembly plants. Washington Aircraft & 
Transport Corp., distributor for Stinson 
and Aeronca, has received and assem- 
bled its 7th carload of planes and plans 
to establish a large assembly shop. 


Canada— New facility for floatplanes 
has been built at Toronto Island Air- 
port. . . . Air Cruise from Toronto to 
Algonquin Park will be held Sept. 1S-21, 
meeting in Toronto Sept. IS. 


Personal Plane Design 

( Continued from pope 75) 
sen level rating: 

hp, = hpa''-- (2.15) 

which can then be used in the same 
formulas for anything at or above criti- 
cal altitude. 

For those who don’t like exponents, 
l-.q. (2d) is a Convenient substitute. It 
will be noted from Fig. 1 that this 
straight-line representation is actually 
a closer fit for most of the points than 
the original power function. The final 

of further mathematical work in pros- 

For preliminary studies of a new de- 
sign, the representative propeller hero 
defined can be used, or any other type of 
design which may be preferred and for 
which equivalent data arc known. Here 
it should be noted that the term ‘repre- 
sentative propeller’ means not a specific 
propeller of a given diameter turning at 
a definite rpm., but a family of pro- 
pellers similar in planform, section, 
and number of blades which can be 
used in whatever way nnd with what- 
ever engine power appears advantage- 
ous for the various purposes in mind. 
It is in this stage of the design that 
formulas, such as hero presented, are 
most obviously profitable. 

A final observation may be made with 
respect to the scatter of experimental 
points, particularly noticeable in Fig. 3. 
Here not only must original experimen- 
tal error be contended with, but also 


observational error in the fairing and 
interpretation of the curves and in pick- 
ing the true peak of each gradually 
rounded top. The correlation of pro- 
peller data is notoriously difficult, and 
it appears quite possible that the smooth 
curves based on mathematical equa- 
tions through the average of the points 
may be fully as close in representing 
the true values as the points themselves. 
This could never be assumed under con- 
ditions imposing sudden stalling or other 
sharp irregularity; but such conditions 
mainly are prevalent at speeds below 
those of interest in connection with 
flight performance. 

It may be concluded that the equa- 
tions here presented, in their more gen- 
eral form, are good to a close order of 
accuracy for all flight performance 
conditions normally applicable to per- 
sonal planes. In addition, the equations 
for representative propeller design per- 

anee and the effect ot major variables, 
as will next be shown by simple appli- 
cations to practical performance objee- 


Flying Service Promotion 

( Continued from page 40) 
tion, descriptive literature provided by 
airplane mnuulncturcrs was used in con- 
junction with the marketing of all new 
croft. 

Tho average new operator will most 
likely represent the smaller type of oper- 
ation. Here an attractive and well- 
arranged general descriptive folder can 
be used to advantage. 

It is logical to believe that the per- 
son who comes to the airport has some 
interest or curiosity regarding aviation, 
or he wouldn’t he there. Thus, the initial 
step should be to contact every visitor 
at the airport and at its parking lot. 
Consistent effort should result in few 
people leaving the field who have not 
been given a folder, invited to inspect 
the planes, and asked whether or not 
they would like to fly. The visitor can 
be sounded out for something more than 
just a short flight. Suggestions can be 
proffered for a more extensive air tour, 
or, better still, a trial flying lesson. A 
trial at the controls can be offered with 
a dollar flight, or free demonstrations 
may be offered on a selective basis. With 
the lightplnne, much can he done in the 
way of demonstrations at low cost. 

Selling the Short Flight 

Basic service of flying operations has 
been the short flight. “Barking rides” 
is a phrase that has accompanied the 
sale of the short flight since the early 
days of aviation. In some places n good 
short-flight business can still be done. 
The field salesman should make a digni- 
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Tf You are interested in getting “ready-made” 
slide and motion picture films for training avia- 
tion workers, here’s a book that tells you about films 
available from scores of industrial companies, film 
distributors, and government bureaus. 

It tells you everything you want to know about 
these films . . . also where to get them, which are 
free, which can be rented or bought, and the prices. 

It lists and describes 257 films covering 21 classi- 
fied aviation subjects . . . flight theory; engineering; 
power plants; fuel, lubrication, electrical, and hy- 

Training Films 

— another important function of photography 


draulic systems; inspection and maintenance ... to 
name just a few. There are also about 1450 films 
covering other industrial fields. 

“The Index of Training Films” is free. Write for it. 

Eastman Kodak Company, Rochester 4, N.Y. 

— Mail this coupon for FREE book 

Eastman Kodak Company, 

Rochester 4, N. Y. 

Please send me “The Index of Training Films." 

Company 








Sockets are the most used tools in a me- 
chanic's kit because when used with various 
types of handles and attachments, they 
can do almost any nut-turning job. But in- 
terior sockets are little better than nothing. 
Sockets to be good must 
have just the right combi- 
nation of hardness and 
toughness to provide long- 
est wear and greatest 



strength. Bonney "Case-Toughened" Sockets 
provide just the right combination — hard 
enough to resist wear yet tough enough to 
resist breakage. 

If you have not tried Bonney Sockets, stop in 
at your nearby Bpnney Job- 
ber and ask him to show 
you these long wearing 
Sockets that are the first 
choice of many mechanics. 


BONNEY FORGE & TOOL WORKS • 711 N. MEADOW ST. 


ALLENTOWN, PA. 
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fled approach and give the prospect 
some information about the flight. This 
may not be easy to do at a time when 
there is a steady stream of riders. Then 
it is usually a matter of keeping them 
coming in a smooth flow. However, in 
many of the smaller setups, this will not. 
he the ease too frequently. 

For the short flight, the rider should 
he accorded the same service and as- 
sistance on the field and about the plane 
as would he given a customer spending 
many times that amount of money. 
Here the operator can profitably take 
a page from airline courtesy (and this 
applies to all of his public relations). 
Pilots should he more interested in the 
enjoyment of their passenger than in 
a display of skill. The pilot might ask 
his passengers what they would like to 
see, suggest points of interest, and bo 
ready to explain items about the air- 
plane and its flight. After flying.’ the 
customer should lie asked if he enjoyed 
the trip, and an invitation to return 
should he extended. 

Real importance of the short flight is 
that it frequently is the average per- 
son's introduction to flying. Some op- 
erators estimated, as late as 1039, that 
at least two-thirds of their riders were 
first-eomers. Where it is a first flight 
it is likewise a first impression, and first 
impressions are frequently lasting. 
Hence, it is evident that everyone should 
carry out the short flight so as In give 
the best possible impression of flying. 
The operator must always keep in mind 
that the flight may well he the stepping 
stone to a new student account, and 
eventually an airplane sale. The writer 
can recall several cases of individuals 
who came to the airport to “just look,” 
were sold a short flight, then learned to 
fly, and eventually became owners. Cer- 
tainly, this is a profitable sequence of 


A-Bomb vs. Surface Ships 

( Continued from page 41) 
lionth of a second. This dazzling photo- 
flash didn’t melt even the thinnest alumi- 
num foil or appreciably' warm the ships. 
It merely gave them a skin-deep sun- 
burn. Top paint coats were blistered; 
lower coats were untouched. 

Very likely the instantaneous pres- 
sure at the center of the bomb reached 
millions of pounds per square inch, 
hut again distance did its work. On the 
cruiser Pensacola, approximately one- 
third mile from the burst, blast pres- 
sure was only 5 or 10 psi., which would 
be enough to account for the collapse 
of the approximately 20-ft. wide by 30- 
ft. high funnels of thin gage-steel. At 
10 psi. the total force on the projected 
area of one stack would be over 400 

The bomb produced approximately tho 


same blast, flash and radioactivity as tho 
one that burst over Nagasaki. But the 
much stronger construction of naval 
targets contracted the circle of great 
damage from about a 3-mi. diameter to 
about 1 mi. Moreover the space within 
the smaller circle was mostly open wa- 
ter, not a solid mass of structures as in 

Atom bombing a fleet is something 
like atom bombing a community of small 
farms where cacli farm house (ship) is 
heavily' built of reinforced concrete. 

Before this test it was obvious that a 
fleet could be so disposed that no atom 
bomb could sink more than one ship. 
Now admirals will know just what spac- 
ing of ships at anchor or in motion will 
achieve this one-bomb-per-ship situation 
for ships of given type and construction. 

The position and height of the burst 
will not be revealed, but guessing is per- 
mitted. From my observation of flash 
shadows, I estimate that the burst was 
40(1 to 000 ft, in the air, about 1,200 ft. 
astern of the Nevada and slightly on the 
port side. 

AH the damaged ships I inspected 
showed the effect of a moderate blast 
pressure rather evenly spread over vast 
areas. Heavy' structures, such as big 
funnels and turrets, were unscathed. 
More flimsy constructions, such as thin 
wind breaks, funnels, topmasts ami 
radio masts, were often bent and twisted. 
At one-third mile, or even less, rubber 
tires remained like new and exposed 
jeeps could have been driven away. On 
the other hand, many airplanes on decks 
at greater distances were substantially 
damaged by blast pressure. Lest all this 
sound like belittling the Able Day bomb, 
let mo point out that it did immensely 
more damage than any other in naval 
history; that it sank five ships, heavily 
damaged five others. 

Of the unsunk ships, only' the Inde- 
pendence showed any hull damage, and 
that well above the water line. She was 
thoroughly smashed topside. Damage to 
the heavily built Nevada was all topside 
and moderate. Heavy construction was 
not affected. Thinner plates exposed to 
tiie blast and not well braced were often 
bent or loosened. On ships within a 
V2 mi., topmasts, radio masts and fun- 
nels were often damaged. 

Considering material damage to tho 
ships as distinct from the effect of radio- 
activity on life aboard, I would assess 
the damage to well-built War ships from 
an air blast of this type about as follows 
in terms of distance from the blast: 1 
mi., practically' 110 damage; ^ j mi., slight 
damage; 3 /> mi., moderate damage; 3 /i 
mi., heavy damage; somewhere between 
3/16 and Vs mi., sinking. There appears 
to be little hull damage beyond Vl mi. 

As to the protection of the men aboard 
ships, I would expect special clothing 
could protect the erew from injury by 
heat flash wherever distance would save 


V'S* 


The Air-Going Bench 

A weird flying test bench, with 
a name that sounds as if it be- 
longed to an electric fan, was 
spawned by Lockheed en- 
gineers when they were figuring 
out the engine setup for the 
Constellation. 

The test rig was a Lockheed 
Ventura with two Constellation 
power plants, and almost im- 
mediately it was nicknamed the 
Ventellation. 

They used the Ventellation to 
check the findings coaxed out of 
conventional, earthbound wind 
tunnels and test benches. This 
plane showed them that their 
proposed arrangement (engine, 
cowling and accessories in one 
"power egg”) made for easy 
maintenance: an engine can 
be changed in less than half 



It also pointed up the economy 
and double safety of oversize 
engines. As every well-behaved 
engineer knows, small engines, 
running all-out, use up more 
fuel and get more wear and tear 
than large engines cruising at 
loafing power. 

Result: The Constellation has 
4000 reserve horsepower and 
can climb on any two of its four 
engines. 

It’s this kind of serious funny- 
business at Lockheed that 
makes better planes worth talk- 
ing about. 

L to L for L 
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'jnblcniTrfic Of nfll) HORIZOflS 


1 . First test stond to give complete 
test for both propeller regulator 
and propeller hub operating as 

2. Variable Speed hydraulic drive 
0 to 2000 R.P.M. 

3. Interchangeable adapters allow 
all 4 bladed hydraulic propellers 
“Aeroprops" to be tested. 

4. Rotary seal (seals 3000 P.S.I. 
Pressure at 2000 R.P.M.) (Max.) 


6. Seal gland is full floating with 
flexible hydraulic hose and 
'‘Snap-Tite 1 ’ connections to elimi- 
nate side load on bearings 
and to permit ease in mainte- 


7. Propeller hub may be rotated 
manually while under full hydrau- 
lic pressure. 

8. Test stand has integral pump 
for charging regulator. 


5. Rotating Seal Gland is water 9. Propeller regulator may be 
cooled. tested without mounting hub. 

Send for complete information on leit equipment for checking anything 
in the held of hydraulics before or after its assembly into aircraft 


HYDRAULIC MACHINERY, INC. 

12825 FORD ROAD Dearborn, Michigan 

HYDRAULIC M A CH INE RY— Western Division Glendale, Colifornio 
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experimental business in its history. But 
production orders are small in contrast 
to its wartime volume and 1946 earnings 
will result largely from profits on 
terminated contracts and tax carry- 

Production contracts are held for the 
P-82 Twin Mustang and a secret Navy 
plane ns well as development contracts 
on four new military types. 

Outside of the military field, North 
American is flying an all-metal four- 
place family plane called the Nuvion. 
First deliveries of this personal plane are 
scheduled for September with produc- 
tion reaching a 200 a month goal shortly 
thereafter. 

Having shown net income of only 
$38,000 in the seven months to Feb. 28, 
it is not likely that Northrop Aircraft 
Inc. will report anything more than very 
moderate profits for the fiscal year which 
ended July 31. However, company offi- 
cials look for “satisfactory” earnings 
next year and look to the company’s sub- 
sidiaries to stabilize earning power. 

These subsidiaries include Salisbury 
Motors, Northrop Foundry, both wholly- 
owned by Northrop, and Northrop- 
Hendy Co., jointly owned by Northrop 
and Joshua Hcndy Iron Works. 

Northrop has three major aircraft 
projects underway. Besides the XB-35 
Flying Wing long-range bomber, a cargo 
plane called the Pioneer is under de- 
velopment and production is progress- 
ing on the Beporter, a photo-reconnais- 
sance plane based on the P-61 Black 
Widow design. 

Unfilled orders total $53,000,000 for 
these planes plus some research jobs. 
The company hopes to finance its peace- 
time work without resort to increased 
capitalisation and is counting on excess 
profits tax refunds to provide consid- 
erable additional working capital. 


Hyperbolic Radio Avigation 

(Continued from page 51) 
signal simultaneously, and the measure- 
ments made entirely automatically. With 
loran, two independent measurements 
are necessary, one for each of two pairs 
of master and slave, each master having 
but one slave as shown in Fig. IB. The 
speed with which readings can be made 
with gee and deccn are offset by the pos- 
sibility of the pilot manually choosing 
two loran pairs that give a more or- 
thoginul set of lines of location at the 
fix, thereby obtaining optimum geo- 
metric accuracy. 

The method of timing the arrival of 
the signals by comparing pulses, used 
in loran and gee, gives an unambiguous 
determination of line of position. How- 
ever, such a technique cannot measure 
time differences that are appreciably 
shorter than the pulse length, so its tim- 
ing accuracy) that is, the accuracy with 


which one can measure the difference 
in arrival time of two signals) is limited. 
Furthermore the length of the pulse is 
determined by the radio carrier fre- 
quency, it being necessary to use longer 
pulses at lower carrier frequencies. The 
high frequency at which gee operates 
was chosen to permit the use of short 
pulses, thereby obtaining high timing 
accuracy. 

The length of the base line, and hence 
the geometric accuracy of a system is 
determined, for the most part, by the 
radio frequency of the carrier. For ex- 
ample, because at two megacycles at 
which ss-Ioran operates it is possible to 
transmit over great distances at night 
by taking advantage of the reflection of 
the radio waves from the inosphere, a 
long base line is obtained. At the higher 
frequencies of gee and the lower fre- 
quencies of lf-loran and decca, it is not 
possible to transmit such great distances, 
therefore the systems are limited to base 
lines of hundreds of miles. 

Thus, although the timing accuracy of 
a pulse system can be excellent at high 
carrier frequencies, the geometric ac- 
curacy is poor, the geometric accuracy 
and the timing accuracy are both good 
at intermediate frequencies; and at low 
carrier frequencies both the timing and 
geometric accuracies of a solely pulse- 
timed system are poor. Because of this 
last feature, other methods of comparing 
time differences are used for systems 
such ns lf-loran and decca which oper- 
ate at low radio frequencies. The method 
is similar to that used in the frequency 
modulated altimeter, whereas loran, 
ss-loran and gee use techniques compara- 
ble to those of the pulse altimeter. 

Decca compares the difference in 
phase produced by the differential dis- 
tance traveled by the signals. However, 
three signals in groups of two can pro- 
duce the some phase difference along 
many lines of position, thus unless one 
knows his approximate position, he can- 
not rely upon decca. This objection is 
most serious in cases where one flies into 
the service area of a decca chain and 
must determine the correct lines of po- 
sition on which to start the equipment 
operating. The number of ambiguous 
lines of position can be very much re- 
duced by adding a third slave to each 
decca chain, if the increased complexity 
of the equipment can be tolerated. 

By using a similar technique, called 
“cycle matching”, a very high accuracy 
can be obtained with lf-loran. Am- 
biguity is avoided by first comparing 
the times of arrivals of the necessarily 
long pulses of this loran, thereby first 
obtaining an approximate position. Then 
the individual cycles of the radio fre- 
quency carrier are made to coincide giv- 
ing a very accurate determination of 
the interval between the arrival of each 



! with you the extra protection 


afforded by powerful, de- 
pendable INTERNATIONAL 
flares. Regardless of the sixe 
of your plane, this complete 
C. A. A. — approved line of 
landing flares includes equip- 
ment to fit your particular 



casional night flying. Fires 1- 


various types of signals. One- 
handed operation. 
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neZcnsty ec/ariZ? 

Delco-Remy electrical equipment — now available 
on popular makes of light aircraft — makes start- 
ing your plane strictly a "solo” act ... as quick, 
convenient and safe as starting your car. And the 
Delco-Remy generator provides ample current to 
keep the battery well charged and to operate lights, 
radio and accessories. As you might expect, Delco- 
Remy electrical equipment takes to the air with 
all the quality and dependability that have made 
it a byword on land and sea. 


DELCO-REMY 

ELECTRICAL 

EQUIPMENT 


DELCO-REMY 


WHEREVER WHEELS TURN OR PROPELLERS SPIN 
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Fuel-carrying economy is in the bag 


T here are no expensive "frills” on 
practical small airplanes such as the 
Republic Seabec. Every component has 
to pay its own way in utility, long life, 
and easy maintenance. Cost it an object. 

B. F. Goodrich bladder -type fuel 
cells fit right into this economy picture. 
By preventing gasoline leakage- 
through-the-skin (which can happen 
with metal gasoline compartments), 
these cells add a new factor of safety 
and save many hours of maintenance. 

Production line economies are im- 
portant cost cutters. Installation of B.F. 
Goodrich bladder cells is a simple mat- 


ter of folding them up, pushing them 
into the tank cavity and snapping them 
into place with built-in fasteners. 

B. F. Goodrich builds these cells in 
layers of synthetic rubber and nylon 
fabric. They are specially designed for 
toughness and high abrasion-resistance, 
yet they are completely flexible. Cells 
have been developed covering weight 
and strength requirements for all types 


of airplanes . . . from paper-thin tanks 
for light loads to high-strength, large 
volume tanks for big transports. All 
guard against leakage; all add shock 
resistance; all hold down maintenance. 

B. F. Goodrich cells should be de- 
signed into new ships; they can be 
adapted to many ships now flying. For 
facts, write to The B. F. Goodrich Com- 
pany, Aeronautical Division, Akron, Ohio. 


B.F. Goodrich 

FIRST IS RUBBER 
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USE TH/S TRAHS/TE TWO... 

for long-range economy underground 



TRANSITE WATER PIPE. Made of asbestos and cement, 
it resists corrosion . . . inside and out. Its light weight 
means easy handling, quick installation. The Simplex 
Couplings form tight, flexible joints that cut down costly 
leakage . . . safeguard against washing away of support- 
ing soil. The photo shows at left above installation of 
Transite Pipe at Westover Field, Chicopee Falls, Mass. 
Write for Brochure TR-llA. 

TRANSITE SEWER PIPE. Its smooth interior surface and 
resulting high carrying capacity frequently permit use of 
smaller pipe, or flatter grades with lower trenching costs. 
Installation above, at the Westchester County Airport, 
New York, shows the long 1 3-foot lengths which speeded 
assembly. Tight sleeve-type joints cut down infiltration 
of ground water, reducing load at the disposal plant. 
Write for Brochure TR-21A. 


TRANSITE CONDUIT. For housing electric cables. Made 
of asbestos and cement, it won’t burn, rust or rot ... is 
immune to electrolytic or galvanic action. At the West- 
chester County Airport (photo at left) 17,000 ft. of 3" 
and 4" Transite Conduit was recently installed to pro- 
tect electric cables in the lighting system. Write 
for Data Sheet DS-410. Johns-Manville, Box 1 1"^ 
290, New York 16, N. Y. II 


J-M PRODUCTS 
FOR THE AVIATION INDUSTRY I 


-Johns-Manville- 
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Write on your company letterhead for further information on CECO 


cl.™,™, fuel pump, end P„„k-Plu B .. CHlUlilOIS 

CHANDLER-EVANS CORPORATION — - - - u M - 5 

WEST HARTFORD 1, CONNECTICUT, U.S.A. p R O T E K - P L U G S 
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/W/7V//47 tirif/f SfGmi/jf.g. 


Effective July 15, 1946, the list price of the standard Republic Seabee 
becomes $4495. 4L The original figure announced late in '45, was based on 
sound evaluations of man-hour and material expenses. Since V-E Day, mounting 
costs of every part . . . innovations in the plane itself . . . and the voluntary 
raise in wages by Republic to meet increased living needs, are the sole 
reasons for this new price. C. The four-place Seabee amphibian is of all-metal 
construction, including wing and control surfaces. It is built by the makers of 
the mighty Thunderbolt, to standards of ruggedness and performance which 
would cost thousands more if it were not for Republic's simplified methods of 
design and manufacture. C. Of prime importance to the owner, we have 
refused to consider any compromise with standards of material or workmanship. 

Hence, despite the modest increase, this versatile airplane is without question 
the unparalleled buy which all acclaim as the outstanding value for 1946-47. 

Republic Aviation Corporation, Farmingdale, Long Island, New York. 


> «• HfBVBttC ^ JI/I//0 V 
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—provide CLEAN drums for re-use 


As shown in the T-square test pictured above, 
the flanges of Tri-Sure Closures engage perfectly 
flush with the inside of the drumhead. Any solu- 
tion put into the drum for the purpose of cleans- 
ing, preparatory to re-use, drains completely out 
— your drum is certain to be clean and free from 
contamination— f ully flushed, sanitary and ready 


to “go” again — a safe container for any liquid. 
Tri-Sure full drairuige is an important feature to 
every user of drums. It prevents waste and gives 
full quantity in every delivery; it assures clean 
drums that can be refilled with confidence. Get this 
protection in every drum — by specifying “Tri- 
Sure Closures” in every new or used drum order. 



CLOSURES 


AMERICAN FLANGE & MANUFACTURING CO. INC., 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
TRI-SURE PRODUCTS LIMITED, ST. CATHARINES, ONTARIO, CANADA 
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How Big Should a Needle Bearing Be? 

. . . Big enough to carry the load. But whatever the actual 
size required — the Torrington Needle Bearing is the most 
compact anti-friction bearing unit ever devised. 

In relation to its radial load capacity it has the smallest O.D. 
of any comparable anti-friction unit — an important design 
advantage from the standpoint of space-savings and weight 
reduction. 

Experience in hundreds of different applications has dem- 
onstrated the practical advantages of this high unit load 
capacity in terms of design improvement, increased operating 
efficiency, and manufacturing economy. 

Ask our engineering department to translate these Needle 
Bearing features in terms of your own design requirements... to 
show you how small a bearing can be to give you all these 
advantages. Your inquiry involves no obligation. 

THE TORRINGTON COMPANY 

TORRINGTON, CONNECTICUT SOUTH BEND 21, INDIANA 


TORRINGTON NEEDLE BEARINGS 
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SERVING THROUGH SCIENCE 



TmgerTIp 

1?esilience ! 


...YET SUPPORTS “HEAVYWEIGHTS” 


If you took the "bounce” in a good tennis 
ball... controlled it, adapted it scientifically 
for a cushioning and mattress material, then 
you’d have Koylon Foam! 

And what’s its secret? Koylon Foam 
combines the natural resiliency of pure 
latex with the buoyancy of air. It actually 
"breathes”... absorbs air in milli ons of tiny 
latex cells— releases it on contact with the 
body. Result: a resilience that’s matchless 
for comfort! 

The beauty of it all, too . . . there are no 
mechanical parts — no springs — to wear out 
...no stuffings to bulge or sag. This means 
lower maintenance costs. Further, eleven 
years of testing on major railroads prove 
that Koylon Foam adds to seat uphol- 
stery life. 

That’s why we say: If you sell "seats” — 
or "sleep”— better sell Koylon Foam! 

Comfort Engineered 
for Sitting and Sleeping 


UNITED STATES RUBBER COMPANY 
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free, dependable service. Quality is never 
sacrificed to meet low cost. Yet Lycoming 
engines in terms of initial cost plus normal 
maintenance plus reliability are the most 
economical engines in the personal plane field. 
You add hundreds of safe, sure flying hours 
to your log — when you insist that your plane 
is powered by Lycoming. 


/ 


Is your plane up on-the-line or down for serv- 
icing? The answer is invariably the engine! 
Flying dependability is a proved Lycoming 
characteristic. Don’t take our word for it, 
check the flight logs of Lycoming powered 
planes. Years of engineering experience, ex- 
acting accuracy in manufacture and assembly 
and 3,200 rigid inspections insure trouble- 


Next time . . . insist on 


Lycoming Division, Dept. B-5, The Aviation Corporation, Williamsport, Pa. 


LYCOMING AIRCRAFT ENGINES 


iVCO] product 
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RADAR ALTIMETERS by RCA 
type certificated for 
scheduled airline service 


RCA, designer, perfecter, and largest producer of radar altimeters, is 
proud to offer commercially two CAA-certificated models of this im- 
portant new aid to flight— the RCA AVQ-6 Low-Altitude Altimeter 
and the RCA AVQ-9 High-Altitude Altimeter. 

These advanced altimeters provide direct measurement of absolute 
altitude (terrain clearance) during flight. Their basic characteristics, 
inherent in the radar design, insure readings at all levels, independent 
of barometric altimeter, and have solidly established themselves as 
"musts” for modern flying safety. 

Both the AVQ-6 and AVQ-9 provide the pilot or navigator with 
accurate readings in feet by measuring electrically the time interval 
required for a transmitted radar signal to travel from aircraft to earth 

Available now for commercial and private aircraft. 

For further information write: Aviation Section, Dept. 15-H, Radio 
Corporation of America, Camden, New Jersey. 


Leading Airlines Use 
RCA 

RADAR ALTIMETERS 

tore are a few of them : 


srican Overseas Airlines 
KIM (Royal Dutch Airlines) 
Pan American World Airways 
Swedish Intercontinental 
irlines (SIIA) 



AVIATION SECTION 

RADIO CORPORATION of AMERICA 

ENGINEERING PRODUCTS DEPARTMENT. CAMDEN. N.J. 
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LARGER PROFITS... LOWER SALES COSTS... BETTER CUSTOMERS 



when you ^ii AEROMATIC PROPELLERS 


SHOW PRIVATE FLIERS HOW THEY IMPROVE TAKE-OFF, CLIMBING, CRUISING, LANDING 


That's right ! The Aeromatic Automatic Variable Pitch 
Propeller is loaded with advantages . . . both for you 
and your customers ! 

for You ... it means sizable profits . . . built on the big 
improvement Aeromatics make in light plane efficiency. 
It means lower sales costs . . . because Aeromatic's basic 
features are easier to demonstrate, simpler to sell than 
most high Quality Equipment. It means building better 
customers . . . because Aeromatic owners get more fun 
out of flying ... fly more . . . buy more of your other 
goods and services. And they’re enthusiastic about 
“selling” their friends on the advantages of owning an 
Aeromatic! 

for Your Customers ... it means up to 33% shorter 
take-off runs ... up to 25% faster climbing . . .top 
cruising performance on minimum fuel consumption . . . 
long, flat glides for safe landing with a quick pick-up 
if the pilot overshoots his field. All without any extra 


controls or gadgets. The Aeromatic is the only fully 
automatic variable pitch propeller. It varies its own 
pitch in response to natural forces . . . utilizes full engine 
power at rated speeds . . . insures maximum perform- 
ance under all flight conditions. 


Write today to your distributor or manufacturer. Send 
them this profits-plus-performance story. Find out 
whether Aeromatic Propellers can be made standard or 
optional equipment on the planes you sell ... to boost 
the value of every sale you make: Aeromatic, 648 Scott 
Street, Baltimore 3. Maryland. 


Aeromotic propellers ore also 
factory equipment on: 


Aeromaster Adjustable Pitth 
Propallets . . Republic Seobees 


-rszr 
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Two 10-32 P-K Type 
"F” Screws ore used 

stream cooling shell to 
Screws arc driven with 


Three P-K Type **Z” 
Screws (filister heaih 

catcher assembly to the 
frame. A steel guide is 
used on power screw- 

tor and speed up opera- 
tion. Two Type "Z” 
screws fasten the 


, ELIMINATES THOUSANDS OF TAPPING OPERATIONS 
BY QUESTIONING FASTENINGS 

... 012 the drafting hoard 


The Redmond Company Inc., of Owosso, Michi- 
gan could have assembled MICROMOTORS with 
machine screws. But Redmond design engineers 
wisely questioned fastening methods before assem- 
bly operations were started. Their conclusion : “It 
was obvious that P-K Screws would he less expen- 
sive to use.” Why? Because seven time-consuming 
lapping operations in each motor could he avoided, 
tap breakage eliminated, and spoilage reduced 
to a minimum. 

Today, every assembly step saved, every effort 
to employ highly paid hands to greater advantage 
helps to keep rising production costs in line. It is 
plain common sense to question your fastening 


methods ... on the assembly line, or better still 
on the drafting hoard. If P-K Screws can be used, 
they will make a better assembly at worth-while 
savings - often from 30 '/, to 50% - through the 
elimination of needless tapping, bolting, riveting, 

W ill P-K Self-tapping Screws answer your 
specific requirements? They do -in seven out of 
every ten assembly jobs submitted to us for con- 
sideration. W hy not take the first step to find out 
-call in a Parker-Kalon Assembly Engineer -or 
mail assembly details for unbiased recommenda- 
tions. Parker-Kalon Corporation, 200 Varick 
Street, New York 14, N. Y . 



PARKER-KALON 


Sold Only Through Accredited P-K Distributors 




PHILLIPS PHILLIPS 


SELF-TAPPING SCREWS 


A FASTENING FOR EVERY METAL AND PLASTIC ASSEMBLY 
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Above is a typical example of how parts of intricate form are manufactured by 
cold forging in high volume production at lowest possible cost. 


Innumerable parts ordinarily produced by other methods can be cold forged. 
Tolerances as close as are required for most machined parts can be secured. 
For greater strength and durability is always assured. And frequently costs can 
be reduced materially. 


If you have parts which can be produced 
by cold forging methods, Allied can 
give you the benefits of every practical 
advantage offered by this type of 
production. Send us your part prints. 
We will submit quotations promptly. 


ALLIED PRODUCTS 
4 0 It I’ O It Y T I O IV 


DEPARTMENT 8-A 

4614 LAWTON AVENUE 

DETROIT 8, MICHIGAN „„ • 


;‘VlLUE&\ 


SPECIAL COLD FORGED PARTS • STANDARD CAP SCREWS • HARDENED AND 
PRECISION GROUND PARTS • SHEET METAL DIES FROM THE LARGEST TO 
THE SMALLEST • JIGS • FIXTURES • STEAM-HEATED PLASTIC MOLDS • SPECIAL 
PRODUCTION TOOLS • R-B INTERCHANGEABLE PUNCHES AND DIES • 
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can a helicopter I 

I stand on its head? 


Some strange notions about the heli- 
copter are going the rounds. For a 
practical, common-sense aircraft, it has 
certainly stirred up weird ideas. Maybe 
you'd like a look at the facts. 

The Bell Helicopter flies forward 
or backward or sideways. It can rise 
and descend vertically like an ele- 
vator. It can take off and land in an 
area the size of the ship itself. 

Here are some of the jobs it can 
do: Geological survey. Pipeline patrol. 


Timber count. Insect and pest control. 
Crop pollination. Postal, express and 
retail store delivery. 

Does the Bell Helicopter pompete 
with fixed-wing transport? No— each 
complements the other. One is long 
range, one is short range. Each has 
an important place. 

The Bell Helicopter was the first 
such aircraft to be awarded an Ap- 
proved Type Certificate by the Civil 


Aeronautics Administration. The com- 
pany which developed the Bell Aira- 
cobra, Kingcobra, and Airacomet for 
military use now is building this new 
dimension of flight. 

different jobs for Government Agen- 
cies, Industry and Agriculture. Find 
out now how you can use the Bell 
Helicopter to your advantage. Simply 
write Helicopter Division, Bell Aircraft 
Corp., P. O. Box 1, Buffalo 5, N. Y. 
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EVERY AIRLINE IN THE UNITED STATES USES SCINTILLA AIRCRAFT MAGNETOS 


As competition increases in air transportation, with consequent 
lowering of freight and passenger rates, operating economy 
becomes increasingly important. And that’s where Scintilla * 
Aircraft Magnetos prove their value. Scintilla’s constant hot, rich 
spark fires with the utmost efficiency every drop of fuel — a fact 
attested by Scintilla’s outstanding record on long-range air- 
craft everywhere. For original equipment or replacement specify 
Scintilla — world-standard in its field. 





CHECK THE MAGNETO 







SCINTILLA MAGNETO 

DIVISION OF BENDIX AVIATION CORPORATION 
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USEFUL INFORMATION 
to cut costs where you 
MACHINE STAINLESS STEEL! 



life on your machining jobs will lead you to a lower cost 
on each unit made from Stainless bar stock. 

For the lower unit costs that are so important now, ask your 
nearby Carpenter representative for your copy of the new 
Carpenter "NOTEBOOK on Machining Stainless Steels”. Just 
published, this 11 6-page NOTEBOOK is packed full of useful 
shop hints and machining information . . . much of it never 
before printed. For example— 

COMPLETE CHECK CHARTS in each section list common trouble spots, 
and help you find the best cure in each case. 

given in the useful table you’ll find in each chapter 

LUBRICATION AND STONING are thoroughly covered. The NOTEBOOK 

is a complete and up-to-date shop tool for any plant where Stainless 


THE CARPENTER STEEL CO. • 128 W. BERN STREET • READING, PENNA. 




HEmE 

STAINLESS STEELS 


FREE-MACHINING 


PROMPT SHIPMENT FROM CONVENIENTLY LOCATED STOCKS 
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£igM . . . 

WITH NUKRAFT CUSHIONED 



SEATING 



• When seats are cushioned with light-weight NU- 
KRAFT, the dead-weight of the seating equipment is 
reduced to a minimum. Payloads are increased. Pas- 
sengers relax in luxurious comfort. 

NUKRAFT is a combination of tough hair and live, 
new rubber, woven into a network of tiny "figure 
eight" springs that snap back into shape for long 
flying hours and under roughest usage and heavy 
loads. Yet, NUKRAFT'S original cost is surprisingly 


Write today for complete information about this 
amazingly durable, light-weight cushioning. We can 
help you three ways ... 1. NUKRAFT, the war- 
improved hair-latex figure eight cushioning — 2. NU- 
KRAFT with foam rubber topper pads ... 3. Foam 
Rubber. 




DEVELOPED AND PATENTED BY B. F. GOODRICH CO. 

MANUFACTURING CO., INC. 

700 SOUTH NOBLE STREET • SHELBYVILLE, INDIANA 
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FGDTEfBROS. 


High Speed with Minimum Weight and Space 


JET PROPULSION 


As swift as sound— the new miracle planes owe their 
tremendous speed to the jet propulsion engines that 
power them. 

High speed— light weight— extreme compactness— 
these are three basic requirements of today’s jet pro- 
pulsion engine design. 

Working closely with manufacturers of these new 
engines, Foote Bros, have produced accessory drives 
which are geared to the shaft of the turbine and which 
provide the power necessary to operate pumps, starter 
motors, generators and other equipment. 

This specialized application suggests one use of 
Foote Bros. Power Units. On any type of machine 
or equipment they permit exact timing of operations 
from remote control. Position may be predetermined 
and held to close limits. These Power Units may 
be used to actuate linear or rotary motion. 

Your engineer may find an idea for improving your 
product in the Power Unit Bulletin recently issued. 
Foote Bros, engineers will gladly work with them on 
the design of a unit to meet your specific need. 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. G,4545 South Western Boulevard . Chicago 9, III. 
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AIRCRAFT BATTERIES 


Whatever the type of aircraft, or the amount of luiltcry power required, there is an Exidc de- 
signed specifically to meet each need. Exidc pioneered in the design and construction of storage bat- 
teries for aircraft, and Exide engineering has steadily kept pace with aviation’s increasing needs. 
Aircraft engineers, manufacturers, maintenance men and plane owners have learned through 
long and varied experience that they can always count on their Exides for maximum perform- 
ance per pound of weight and longer battery life. 

Exide Sales and Service stations are conveniently located at strategic points from coast to coast. 



THE ELECTRIC STORAGE BATTERY COMPANY, Philadelphia 32 
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SPEED-UP THE TOOL-UP! 

With Vapocarb-Hump Hardening 
and Homo Tempering Methods 


Just as machining is accurate, so heat- 
treatment becomes accurate when a skilled 
heat-treater uses the Vapocarb-Hump and 
Homo Methods. Here are two suggestions: 

1. Harden all tools (except high-speed 
steel) by the Vapocarb-Hump Method. It 
prevents scale and decarb, heats as directed, 
and records as it goes along. It enables the 
heat-treater to harden for longest tool life. 

2. The second suggestion is to temper all 
tools by the Homo Method. It uses electri- 


cally-heated air, under forced circulation, as 
the heating medium, to relieve stresses uni- 
formly from all sides; gives automatic con- 
trol of the accurate heating which tempers 
the tool to its job. 

An L&N engineer will be glad to give de- 
tails about these methods, or will send cata- 
logs, as you prefer. He can probably arrange 
for you to talk to someone who is using the 
methods on problems like yours. 



J LEEDS & NORTHRUP 


MEASURING INSTRUMENTS • TELEMETERS • AUTOMATIC CONTROLS • HEAT-TREATING FURNACES 

Jrl. Ad T-620(23) 
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'World’s Most Modern Aircraft 
Radio' Fully Approved for New 
All American "Ensign" 

Meet the All American "Ensign,” an all-metal, 
low-wing monoplane with a 360° range of vision 
afforded by its exceptionally large bubble canopy. 
The “Ensign” is expected to have a speed in excess 
of 120 m.p.h., a cruising speed of 110 m.p.h., and a 
range of better than 400 miles with a useful load of 
550 pounds. 

Now meet Airadio’s new Super “52,” the two- 
way communication system that has been fully ap- 
proved by All American for installation in the new 
“Ensign.” In the words of Ernest Adler, Chief Engi- 
neer of All American, “We have found that Airadio’s 
Super “52” gives superior performance during nor- 
mal use, and it has given unsurpassed results during 
our testing program.” 

Important Features 

You too will find that the Airadio Super “52” 
will give superior performance in your plane at all 
times. In addition to the safety that it gives you, the 
Airadio Super “52" also adds to the pleasure of flying 
by allowing you to tune in on your favorite standard 
broadcast. 

Remember, too, that with the Airadio Super 
“52” you get easy installation, standard size com- 
ponents replaceable anywhere, long-range reception 
and transmission, plus the assurance of uncompro- 
mising quality built in by Airadio’s pilot-engineers. 
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SENSENICH BROTHERS 


GLENDALE, CALIF. 
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PERFORMANCE ON A REPRESENTATIVE ENGINE WITH 
REE TIMES CRANKSHAFT SPEED 


r AT 7.0 VOLTS 


1600 2000 2400 

ENGINE R. P. M. 


3600 4000 




MORE VITAL STATISTICS OF AN AMAZING NEW 


GENERATING SYSTEM DEVELOPED BY ^eece-7tevctle 



• Just examine that curve above! It tells a story of 
HIGHER current output at slow and fast speeds by a remark- 
able generating system which features a revolutionary appli- 
cation of an Alternator. It’s another Leece-Neville first, 
bringing you a source of far greater power than that supplied 
by conventional D-c. generators. Meeting all or part of your 
load requirements, it will save much of the time and money 
ordinarily spent on battery upkeep— and permit use of addi- 
tional electrical accessories. It will pay 
«rMlv^ U RAT*NG!"iM AmpMaOsool y ou to get all the facts. Write The Leece- 
Vo",. system WEIGHT: 45 pourdj Seville Company. Cleveland 14, Ohio. 
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I NCREASED facilities for research into all uses of petroleum and its products will be 
provided in Sinclair Oil Corporation's elaborate new research laboratory planned for 
Harvey, Illinois. 

In this most modern of laboratories, recognized experts in petroleum technology will 
further the development of new and improved aviation fuels and lubricants to keep pace 
with the rapid expansion of present-day flying. 

For over 1 5 years, Sinclair has pioneered in the development and manufacture of 
high quality aircraft engine oils and other aircraft lubricants. With the opening of the new 
research center, Sinclair will be in an even better position to cooperate in and promote the 
advancement of aviation in all its fields. 




I N C LwI RtA v I AT I O N T O I LS 


I AVENUE, NEW YC 

AVIATION, 


INFORMATION 


LUBRICATION 


SINCLAIR 


COMPANY, 



EXTRA-UTILIT 
WITH SCHAT 


High-grade, low-carbon, cold-rolled steel rings and 
through-hardened balls make the big difference in added 
load-bearing capacity, resiliency and over-all durability 
of “Commercial” ball bearings. 

That’s why these bearings keep “rolling along,” de- 
livering efficient anti-friction operation at every turn, 
whatever the service requirements. 

Compare their on-the-job performance with other 
low-cost ball bearings. And consider, too, the plus value 
of Schatz engineering counsel while your application 
is in the design stage. 

Schatz “Commercials” are manufactured in all stand- 
ard types and sizes to cover the wide range of ball-bear- 
ing applications where moderate cost is a vital factor 
alongside of maximum efficiency. The answer to your 
anti-friction problem is among them. 

Remember, Schatz makes only ball bearings, and 
“Commercials” are manufactured only by Schatz. 


AT EVERY TURN 
BALL BEARINGS 


IATZ 

levci 

IBRII 
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THE LOW-COST, MULTI-PURPOSE BALL BEARING 





...BUT CAN YOU MAKE IT 


OF STAINLESS STEEL? 


to design stainless steel parts or equipment and quite 
another to produce them ... as many manufacturers have discovered 
in the past. 

products that require the corrosion and heat resistant prop- 
erties of stainless . . . small, intricate parts, large sheets with complex 
curves and bends . . . can be fabricated to amazingly close tolerances 
by Solar's exclusive Sol-A-Die Process. 


7 the difficulties of working stainless steel to the 
point where it is now possible for many industries to employ the out- 
standing properties of this modern material. If your engineers have had 
fabricating difficulties with stainless steel, remember that Solar's new 
techniques and skills can solve your problems. Consult Solar about 
longer lasting stainless steel parts (or equipment) now. 




Solar Aircraft Company • San Diego 12 , California 
Des Moines 5, Iowa-60 E. 42nd St., New York 17.N.Y. 


STAINLESS PRODUCTS 
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BARBER-COLMAN COMPANY 

1221 ROCK STREET, ROCKFORD, ILLINOIS 


The record-breaking performance of Lockheed’s great CONSTELLA- 
TION has made it a world-wide favorite on leading commercial 
airlines. Passengers who seek accommodations on CONSTELLA- 
TION flights do so with the knowledge they will get a fast, comfort- 
able trip in a well-appointed airplane. Cabin temperatures are auto- 
matically controlled by Barber-Colman equipment. These controls 
are specially designed for aircraft service — they are light, accurate, 
powerful, durable, and give reliable performance with a minimum of 
service. Barber-Colman Controls are fully electrical, and are un- 
affected by changes in altitude, cabin pressure, or attitude of the 
airplane. Barber-Colman Controls for Aircraft are available in wide 
variety and are easily engineered to meet the requirements of all types 
of aircraft systems and construction. Ask j or full details. 
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THIS EMBLEM: 
YOUR SAFEGUARD 


Since the days when international air transport was confined to 
limited cross-border ventures, the widespread petroleum marketing facilities, 
now known under the single name, iktava, have been serving the international 
air carrier business. To many air fleets . . . large and small . . . the intava 
emblem is a familiar and welcome sight. 


It stands for efficient, dependable service. It stands for the best in 
aviation petroleum products: fuels, engine oils and specialties. 


More than that, the ijctava emblem represents the specialized “know-how” 
gained through the years of dealing in foreign markets outside the United States, its 
possessions and territories. This intimate knowledge of the conditions encountered 
in aviation operations in foreign lands pays off in the form of reduced 
expenses and fewer scheduling worries for you, the airline operator. 


“WHAT IS INTAVA?” 


. The faaci 


yofat 


Special leave of The Intam II 'or 


leraonal letterhead, a 


EXPERIENCE 
RELIABILITY • SERVICE 

INTAVA 
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NEW SAFETY LANDING DEVICE 



Aircraft Devices Co. announces a new safety 
landing device for installation in light planes, 
with or without flaps! The device is a stabilizer 
and will permit the pilot, in case of an emer- 
gency, to land in a short field in complete safety! 

With the stabilizer, which works manually 
from the fuselage to the tail, the pilot is able to 
come in at a steeper angle of approach without 
danger of stalling and can apply his brakes much 
more sharply than formerly so as to stop in a 
considerably shorter run. This permits the pilot 
to land where he wants to, and eliminates the 
hazard of trees and telegraph lines which usually 
block emergency landing fields. 


The device is a completely new departure in 
the personal plane field — // patented and CAA 

FEATURE: The stabilizer does not alter the 
flight characteristics. When not in use, you 
don't know it is in the plane! 

FEATURE: Inexpensive first cost— simple in- 
stallation— practically no maintenance! 

FEATURE: Manually controlled-light- 
weight! 

FEATURE: Tends to prevent nosing over due 
to mud, snow or other conditions. 

We urge manufacturers and owners of small 
planes to ask us for full details. Write today. 


AIRCRAFT DEVICES COMPANY 


*?teCd . . . j4ut6l&i - T^etMAtficKUtidi 
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aaafo Shelby Aircraft Tubing assures 
light weight, strength and safety 


“ \ rugged, dependable plane 
J\_ that’s equal to any task you 
put it to,” that’s what the makers say 
about the new Aeronca “Champion”. 
And they have sound reasons for 
their claim. 

For, although this personal plane is 
a new postwar model Aeronca and 
was introduced only last September, 
its structural framework of Shelby 
Seamless Aircraft Tubing is the same 
construction that made the Army’s 
Aeronca “Grasshoppers” outstand- 
ing for sturdiness. 

It is because Shelby Seamless 
Tubing keeps weight to the very 






: insures t 
... uggedness and shock-absorbing 
qualities that Shelby has found such 
favor with aircraft designers. With 
no other type of construction can you 
build aircraft so strong, so light in 
weight and so durable, as is possible 
by using seamless steel tubing. 

Whether you are building personal 
planes, helicopters, fighters, flying 
freighters, passenger transports or 
airships, Shelby Seamless Tubing- 
in longerons, fuselage struts, wing 
spars, tail assembly, engine mounts 
and landing gear— will help achieve 
the utmost in structural efficiency. 


Its uniformity and dimensional 
accuracy, its ability to bend and 
shape to almost any form desired, its 
easy welding properties that permit 
complicated joints and junctions 
with 100% efficiency, enable you to 
take full advantage of the latest im- 
provements in plane design and fab- 
rication techniques. Our engineers 
will gladly cooperate with you in 
applying U’S'S Shei 


NATIONAL TUBE COMPANY 


PITTSBURGH, PA. 


fgygf 

1 
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UNITED STATES 

STEEL 




Compressors you can give faster service a 
lower your shop costs. That’s why you’ll fi 
them used extensively by aircraft service op> 
ators everywhere for powering time-savi 
pneumatic tools, for operating spray-painti 
equipment and for many other purposes. 


De VlLBISS 



meani Quality in all / our . . 

SPRAY EQUIPMENT 
EXHAUST SYSTEMS 
AIR COMPRESSORS 
HOSE & CONNECTIONS 
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A crack mathematical 
application of theory to 
problems of elasticity . . . 



MATHEMATICAL THEORY 
OF ELASTICITY 

rrss-s rr r:r :: 
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Millions Used for 
Hundreds of Uses 



il] 

TOnite fa *?*tden, 


CLEVELAND, OHIO LOS ANGELES, CALIF. 






FOR PRECISION 
SOLDERING... 
FOR EVERY 
SOLDER JOB! 



KESTER Cored SOLDERS 

• Precise engineering and excellent craftsmanship — as 
found in Statham Pressure Transmitters and Accelerom- 
eters, the heart of which is the tiny unit being soldered in 
the photograph— usually means the specification of Kester 
Cored Solders. 

• That is because Kester Cored Solders, themselves, are 
precision-engineered. Flux and solder are scientifically cor- 
rect, the product of 47 years of laboratory research and 
practical field experience, exactly suited to the kind of 
soldering they are expected to perform. They're in proper 
quantity and balance, too, for best performance. 
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AIRCRAFT OWNERS 

PARTS FOR YOUR SURPLUS PLANE NOW ARE 
AVAILABLE NEAR YOU! 


Fifty-nine aviation firms have been appointed by the War Assets Adminis- 
tration as agents for the "package” sale of surplus aircraft parts, components, 
and hardware. They now can supply you with many of the parts that you need 
to keep flying. 

Chosen for their experience and technical "know-how”, they are located at 
strategic points throughout the country to make it convenient for you to fill 
your needs, and to see what you buy. Many of these are firms with whom you 
usually deal. 

Large quantities of parts have been shipped to WAA agents and new sup- 
plies are going out daily. 

SEE THEM FOR YOUR NEEDS. THE PRICE 
IS THE SAME. ..WHETHER YOU BUY FROM 
AN AGENT OR DIRECT FROM WAA 

If the agents do not yet have what you want, write direct to the Office 
of Aircraft Disposal, War Assets Administration, Washington 2 5, D.C. 

Your order will be given prompt attention. 


xxxxxxxx 
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XX X XXX X X 

This is a complete list of WAA Authorized 
Agents for the sale of aircraft parts: 

COMPONENTS: 



MISCELLANEOUS: 

sri£ £r 1 £tS? | "l!il 

SPECIAL NOTE TO VETERANS: You may use your priority in buying from WAA agents. 

War Assets Administration 


WASHINGTON, D. C. 
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HOW ARE YOUR TIRES? 



Here is an outstanding opportunity to purchase aircraft tires and tubes at 
substantially reduced prices. The War Assets Administration has, in stock, a 
wide variety of casings and tubes made for every type of aircraft used by the 
Armed Forces from small liaison to large cargo planes. 

This enormous stock of government-owned surplus represents both unused 
and used tires and tubes. They are offered in a broad range of sizes, treads and 
cords for both landing and auxiliary (tail and nose) equipment. 

These tires and tubes are suitable for use on airlines, cargo carriers or 
privately owned planes. Every order will receive careful attention regardless 


These tires and tubes are low priced for immediate disposal. Check your 
needs now! Then place your order detailing complete specifications so that 
price and delivery can be quoted. 


address your inquiry to: 

WAR ASSETS ADMINISTRATION 
155 W. Washington Boulevard 


Los Ange 


s 15, Cali 


If you are located east of the Rockies, 
address your inquiry to: 

WAR ASSETS ADMINISTRATION 


WAR ASSETS ADMINISTRATION 

425 Second Street, N. W. 
Washington 25, D. C 


Veterans of World War II: 

Veterans may use their priorities in buying these tires and tubes. 
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Plane owners, Airline and Fixed Base Operators— if you 
are interested in purchasing aircraft instruments, theWar 

ment for sale. 

This inventory consists of turn and bank indicators, 
and magnetic compasses and airspeed indicators. There is 
Designed to attract the prudent buyers, these units are 

If you are located west of the Rockies, address your inquiry to: 
WAR ASSETS ADMINISTRATION 



A large supply of type C-3 Link-Trainers in usable and 

You are invited to detail your requirements so that 

You are urged to contact the WAA Authorized Agent 
nearest to you. However, if this is not convenient the follow- 
ing WAA offices will be glad to serve you. 

If you are located east of the Rockies, address yourinquiry to: 

WAR ASSETS ADMINISTRATION 

National Aircraft Components Sales Center 

Cleveland 32, Ohio OR 


WAR ASSETS ADMINISTRATION 

OFFICE OF AIRCRAFT DISPOSAL 
425 Second Street, N. W„ Washington 25, D. C. 

Veterans of World War II: Veterans may use their priorities in buying these aircraft instruments 

XX X X X X X X 
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XXX XX XXX 
PROPELLERS 



The War Assets Administration has available government-owned 

These propellers were built by well-known manufacturers of aircraft 
components to the specifications of the Armed Forces. They are 
adaptable to planes ranging from light planes to large transports and 
are eligible for CAA Certification. 


If you i 


Attractively priced for immediate sale, it will pay you to check 
your requirements now! 



If you will send your inquiry stating model and detail specificatic 
prices and delivery information will be forwarded promptly. 


WAR ASSETS ADMINISTRATION 


You are urged to contact the WAA Authorized Agent nearest to w ° ,hl "" l “ n “■ D - c 

you. However, if this is not convenient the following WAA offices Veterans of World War II: Veterans may use their 
will be glad to serve you. priorities in buying these propellers. 


X X X X X X X X 
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MISCELLANEOUS PARTS 
AND EQUIPMENT 

Government-owned surplus in aircraft has produced a quantity 
of spare parts and equipment both unused and usable with repairs. 



If you are located west of the Rockies, address your inquiry to: 

WAR ASSETS ADMINISTRATION 

155 W. Washington Boulevard 
Los Angeles 15, California 



In this inventory are listed such items as: magnetos, 
motors, generators and other electrical accessories. Var- 
ious types of wheels and brakes, carburetors and car- 
buretor parts, fuel, oil and hydraulic equipment, miscel- 
laneous engine accessories. 

From this store of material you will probably find the 
things you need to keep you flying. Send your inquiry 
including specifications on just what you want. Prices 
and delivery information will be sent to you as speedily 
as possible. 

You are urged to contact the WAA Authorized Agent 
nearest to you. However, if this is not convenient the 
following WAA offices will be glad to serve you. 

If you are located east of the Rockies, address your inquiry to: 

WAR ASSETS ADMINISTRATION 

National Aircraft Components Sales Center 
6200 Riverside Drive, Municipal Airport 

Cleveland 32, Ohio OR 


WAR ASSETS ADMINISTRATION 

OFFICE OF AIRCRAFT DISPOSAL 
425 Second Street, N. W., Washington 25, D. C. 

Veterans of World War II: 

Veterans may use their priorities in buying these miscellaneous parts and equipment 

X XX XXX X X 



Longer life is assured 
for UTICA Pliers by 
a new process of elec- 

the cutting edges ■ . . 
which has been per- 
fected by UTICA cn- 

Sold through recog- 
nized jobbers. 


UTICA DROP FORGE & TOOL 
CORPORATION 
UTICA 4, NEW YORK 




for Engine Mounts. Hose for Controls. Fueling and Lubrication, 
Radio Shielding Tubing, Connections for Push Rod Cover Seals, 
Air Intake Connections, Engine Bnfllc Seals, and countless 
Manhattan molded rubber products. Natural and synthetic rubber 
meet exacting specifications, to isolate vibration, resist action of 
oil, alcohol, high octane gas, and low temperatures. 

MANHATTAN PRODUCTS USED IN FABRICATION 
Air Hose Abrosive Wheels Other rubber products for 





FITZGERALD 

GASKETS 

FOR AIRCRAFT ENGINES 

GASKET CRAFTSMEN FOR 40 YEARS 
Write for information 

FITZGERALD MANUFACTURING COMPANY 

TORRINGTON, CONN. 

BRANCHES CHICAGO AND LOS ANGELES 
CANADIAN FITZGERALD. LTD., TORONTO 


FITZGERALD 

s GASKETS 



GOVRO-NELSON CO 

1931 ANTOINETTE DETROIT 8, MICH. 
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FASTER. MORE ECONOMICAL 

AVIATIGN HANDING 





i© and labor, reduces costs. I 

sections; unloading equipment irom freight 
cars; loading aircraft assemblies and spare 
parts on cars; lifting, moving, and roarrctng- 

etc.; for building maintenance and repair. 
Write tor Catalog #58. 




Here, as at no other lime or place, the nation's foremost 
speed pilots will converge lo vie for aviation's most 
coveted trophies and a minimum of 

$105,000 

CASH PRIZES 

Everything from pulse -throbbing jet-propelled speed 
dashes to quiet yet daring helicopter demonstrations 
will be presented— in four days of intense activity— amid 
pomp and splendor — parade and pageantry — drama 
and gaiety. Featuring the 300 mile Thompson Trophy 
Race, high speed land plane classic of the world . . . The 
8endix Trophy Race, the nation's most spectacular trans- 
continental speed race . . . The Weatherhead straight- 
away speed dash for jet planes . . . The Cleveland 
Sesquicentennial Race and a special Women's Race. 
Picked squadrons of the Army, Navy and Marines will 
daily demonstrate the nation's air might. Plan now to 
attend "America's Classic of the Air". All seats reserved. 
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THEY ALL 

SPEAK 

AND 

LISTEN 

WITH 

A V IOMETER 

• Headsets 

• Hand Microphones 

• Boom Microphones 

• Aircraft Intercom 

• Hostess Handsets 

AVID METER 

CORPORATION 

370 W. 35th ST., NEW YORK 1, N.Y. 

Sales Offices: Baltimore. Cleveland, Detroit, Chicago, 
Indianapolis, Kansas City, Los Angeles, 
Seattle, Tulsa, Dallas 
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At Your 


HAVE YOU 


Service 


— for bringing business 
needs or “opportunities” 
to the attention of men 
associated in executive, 
management, sales and 
responsible technical, 
engineering and operat- 
ing capacities with the 
industries served by the 
following McGraw-Hill 
publications: 


The 

SEARCHLIGHT 

SECTIONS 


(Classified Advertising) 
Air Transport 
American Machinist 
Aviation 
Aviation News 


Chemical and Metallurgical 
Engineering 
Coal Age 

Construction Methods 
Electrical Contracting 
Electrical Merchandising 
Electrical Wholesaling 
Electrical World 
Engineering and Mining 
Journal 

Engineering News-Record 
E. & M. J. Markets 
Factory Management and 
Maintenance 
Food Industries 

Product Engineering 
Textile World 
Welding Engineer 


For advertising rates or ether 
Information address the 


Clossifiad Advertising Division 

McGraw-Hill Publishing Co., Inc. 

330 W 42nd St . New York 18. N. Y. 


MOVED? 

If you've moved recently or are planning 
a change, let us know now so that copies 
of Aviation will continue to be delivered 
to you promptly. Use this coupon or a 
penny postcard. 

Please change the address of my Aviation sub- 
scription 

Your name 

Old address 

City and state 

New address 

City and state 

Company connection 

New title or position 


MAIL TO: 

McGraw-Hill Publishing Co. 
Circulation Department 
330 West 42nd Street 
New York 18, New York 


Where To Buy 

NEW EQUIPMENT - ACCESSORIES - MATERIALS - SERVICES AND SUPPLIES 


BUILD YOUR OWN— ONE OR MANY 

LOWEST COST CANTILEVER T-NESTED 


HANGARS 


Blueprints S40 each I Blueprints S20 each 

Any Hangar Designed ta Order 

CANTILEVER HANGAR SYNDICATE, 211 Fulton Street. Peoria. Illinois 


( Prefabricated sf 
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11 


AIRCRAFT ACCESSORIES AND INSTRUMENTS 


APPROVED REPAID STATION 180 

CARBURETORS • MAGNETOS • GENERATORS 
ELECTRICAL EQUIPMENT • BATTERIES • SPARK PLUGS 
VACUUM PUMPS • HYDRAULIC PUMPS • INSTRUMENTS 

STANDARD AIRCRAFT EQUIPMENT CO. 


HBM - 1 


u 


MANTZ-HEATH & HAPGOOD 






iiil 







H. & E. DISTRIBUTING CO., INC. 
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AVIATION'S MARKET PLACE 

CLASSIFIED DISPLAY ADVERTISERS 


EMPLOYMENT (Poiilioni Wl 




RIVERSIDE 

WAMROUStS 


BOWER BEARINGS CARRY THE ROLLING LOAD 


On the wide super-highways, along the back 
trails, in the fields, or in the air, transportation 
in every Country on the Globe rolls on Bower 
Roller Bearings. 

Automobiles, trucks, tractors, bulldozers, farm 
machinery, buses, jeeps and every other kind 


of transportation vehicle perform the heaviest, 
most gruelling tasks with utmost dependability 
while Bower Bearings carry the rolling loads. 
There is no finer quality, no smoother perform- 
ance, no higher precision to be found anywhere 
in industry than in Bower Roller Bearings. 
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NORTON 


TELLS INDEPENDENT INVESTIGATOR 



''Phillips screws ended 


our former troubles with slotted screws”, Norton 
officials told the investigator from James O. Peck 
Co, industrial research authorities. His study of 
assembly methods at Norton Co, world renowned 
manufacturer of precision grinding machines, is 
one of a series being made in representative plants 
using Phillips Screws. 



"burrs can't be tolerated in a good machine tool,” 
said a Norton engineer. “First, they reflect on 
workmanship and quality. Second, they'd threat- 
en injuries to operators by snagging waste used in 
wiping. When heads burred or broke, they had 
to be removed and replaced, wasting time. 

"DRIVER SKIDS WERE ALSO FREQUENT with slotted 
screws, because of the extra pressure, causing 
injuries to hands banged against adjacent parts. 
"with Phillips screws, we've ended burring, 
breaking, and driver skids. The driver stays in 
the recess, with any pressure. Starting in any 
position is easier, quicker - driving is faster." 
get the complete report. With other reports now 
ready on leading manufacturers’ savings with 
Phillips Screws, and more to come - covering 
products of metal, plastics, wood -it affords a 
practical manual of modern assembly methods. 
Get these inside facts - worth good money - FREE 
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paint 

Reduce assembly costs 
lock washers 


ADVANTAGES 

Eliminate handling of material 
Perform multiple functions 
Weigh less 

Prevent vibration loosening 
Protect fragile materials 
against damage 


Duo-Therm Division of Motor Wheel Corporation. 
SPEED NUTS help keep down the costs on Duo- 
Therm's modernized assembly lines. And the ease 
with which SPEED NUTS are removed greatly 
speeds up servicing their units in the field. 
Why postpone the improvement of your product 
assembly? Eliminate waste motions, unnecessary 
parts and useless weight by changing to SPEED 
NUTS. Send your complete assembly details 
when writing for samples as SPEED NUTS are 
made in over 3,000 shapes and sizes. 


Let Duo-Therm's Chief Engineer, D. F. Jones, 
tell you what he thinks. His letter above leaves 
no doubt about the advantages of SPEED 
NUTS in the manufacture and servicing of 
hundreds of thousands of fuel oil heaters by the 


SPEED NUT 
USERS 

They Changed 
to 

SPEED NUTS 


TINNERMAN PRODUCTS, INC. • 2070 FULTON ROAD, CLEVELAND 13, OHIO 




Developed by Bendix engineers to increase aero- 
dynamic efficiency, the type MN-60A Iron-Core Loop 
reduces air drag to only 2.57 pounds at 300 mph. Use of 
the iron core permits reduction in size, while retaining 
the signal pickup efficiency of larger loops. 

All moving parts are hermetically sealed in dry 
nitrogen, eliminating oxidation and minimizing main- 
tenance problems The Type MN-60A loop assures 
thousands of hours of trouble-free operation. 

A low-inertia a-c induction motor rotates the loop. 
A combined quadrantal error corrector and “Autosyn” 
transmits corrected bearings accurately to a remote 
indicator 

A streamlined phenolic-impregnated anti-static 
housing is available for belly or top mounting 

Write for new brochure. “Toward Automatic Flight.’* 

BENDIX RADIO DIVISION, BALTIMORE 4, MD. 




